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“the most effective drug against tremor...’”' 


IN PARKINSONISM, Parsidol reduces tremor better than any 
other drug. Parsidol also increases finger dexterity, lessens rigidity 
and improves muscular coordination. Because he can do more 
things with greater accuracy, the patient’s outlook brightens and 
his confidence returns. 


Parsidol has also proved effective in controlling drug-induced, 
parkinson-like tremor. In a recent study, Parsidol reduced drug- 
induced tremor in 88% of the patients to whom it was given.2 


Furthermore, Parsidol is “...very well tolerated by the geriatric 
patient..."!.34—the patient in whom tremor is most often seen. 
Parsidol, usually effective by itself, is also compatible with most 
other antiparkinsonian drugs.!.3.4 Most patients respond to a main- 
tenance dose of 50 mg. q.i.d. 


PARSIDOL 
brand of ethopropazine hydrochloride 


for the control of tremor in 


PARKINSONISM 


1. Schwab, R. S. and England,.A. C.: J. Chron. Dis. 8:488 (Oct.) 1958. 
2. Kruse, Walter K.: Dis. Nerv. System 21:80 (Feb.) 1960. 

S. Schwab, R. S.: Geriatrics 14 » (Sept.) 1959. 

4. Doshay, L. J., e¢ al.: J.A.M.A. 160:348 (Feb. 4) 1956. 
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for rapid sedation 
of short duration SECONAL® SODIUM 


| (secobarbital sodium, Lilly) 
DURATION i1 


|§j when the patient 


| [§ must sleep 
8 
. Probably the most frequent type of insomnia is sleep- 
lessness caused not by physical discomfort but by 
2 ¢ mental unrest. Seconal Sodium is particularly useful 
3 in such cases. Sleep, once started, usually continues 
> 4 throughout the night. The patient awakens feeling re- 
freshed and free from aftereffects. 
4 Seconal Sodium, in adequate dosage, usually brings 
sleep within fifteen to twenty minutes. Rarely is more 
$ than 0.1 Gm. (1 1/2 grains) needed, and often 0.05 
j Gm. (3/4 grain) is sufficient. 
1 
ONSET 6 


for rapid sedation 
with prolonged effect TUINAL* 


(amobarbital sodium and secobarbital sodium, Lilly) 


| DURATION 11 


when sleep 
must be sustained 


Occasionally, when the insomnia is of a more complex 
nature, the patient has difficulty in falling asleep and 
may also awaken in the early hours. This type of 
insomnia usually responds to Tuinal—a combination 
of rapid-acting Seconal Sodium and moderately long- 
acting Amytal® Sodium. 

Tuinal may be given in doses of 0.1 Gm. (1 1/2 
grains) for less severe cases. For more profound hyp- 
nosis of longer duration, the 0.2-Gm. (3-grain) Pul- 
vule® may be used. 


HOURS 


ONSET 4 Amytal® Sodium (amobarbital sodium, Lilly) 
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for the neuritis patient 


can be tomorrow 


“R Day”—when pain is relieved—can come early for patients with 
inflammatory (non-traumatic) neuritis if treatment with Protamide 
is started promptly after onset. 


Protamide is the therapy of choice for either early or delayed 
treatment, but early use assures greatest efficacy. 


For example, in a 4-year study’ and a 26-month study” a combined 
total of 374 neuritis patients treated with Protamide during the 
first week of symptoms responded as follows: 


60% required only I or 2 daily injections for complete relief 
96% experienced excellent or good results with 5 or less injections 


Thus, the neuritis patient’s first visit—especially an early one— 
affords the opportunity to speed his personal “R Day.” 


Protamide is available at pharmacies and supply houses 
in boxes of ten 1.3 cc. ampuls. Intramuscularly only, 
one ampul daily. 


NW 
PDR herman Leboralories 


PAGE 813 Detroit 11, Michigan 


1. Lehrer, H. W., et al.: Northwest Med. 75:1249, 1955. 
2. Smith, Richard T.: New York Med. 8:16, 1952. 
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in G.I, G.U. and Biliary SPASM 


Sustained Action Tablets 


prompt, continuous and prolonged antispasmodic 
action for 6 to 9 hours with a single tablet 


“MUREL” Advantages'* 


¢ Exceptionally effective clinically because three-way 
mechanism of action in one molecule (anticholinergic, 
musculotropic, ganglion-blocking) exerts synergistic 
spasmolytic effect 


¢ Complementary action permits significantly low dosage 
and reduces reaction potential of any one mechanism 


¢ Remarkably free from drug-induced complications such 
as mouth dryness, visual disturbances, urinary retention 


Suggested Average Dosage: 40 to 80 mg. daily, depending on condition 
and severity. The higher range of dosage is usually required in spasm of the 
genitourinary and biliary tracts. One “Murel”-S.A. Sustained Action Tablet 
morning and evening. When anxiety and tension are present, “Murel” with 
Phenobarb-S.A. is suggested. 

Available as: No. 315—*‘Murel”-S.A., 40 mg. Valethamate bromide; and 
No. 319—*Murel” with Phenobarb-S.A., with % gr. phenobarbital, present 
as the sodium salt. Both in bottles of 100 and 1,000. 

Also available: “Murel” Tablets No. 314—10 mg. Valethamate bromide: 
“Murel” with Phenobarbital Tablets No. 318—10 mg. Valethamate bromide 
and \4 gr. phenobarbital. 

“Murel” Injectable No. 405 —10 mg. Valethamate bromide per cc. 


Precautions: As with other antispasmodic agents, caution should be exer- 


cised in patients with prostatic hypertrophy, glaucoma, and in the presence 
of cardiac arrhythmias. 


References available on request. 


\ AYERST LABORATORIES 
ay / New York 16, N. Y. * Montreal, Canada 
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for acute, severe episodes 
“‘“MUREL” Injectable 


Female patient, age 55, com- 
plaining of nausea and epigas- 
tric discomfort after meals. 


Diagnosis: Hiatus hernia and 
gastric ulcer. 


1 hour after barium adminis- 
tration: Retention of barium 
due to spasticity, of the gastric 
outlet, and incomplete visuali- 
zation of the pylorus, duode- 
num and duodenal sweep. 
(Some barium has entered the 
small bowel.) 


20 minutes after administra- 
tion of “Murel” 2 cc. LV: 
Barium entering duodenum and 
duodenal sweep as spasticity 
is relieved. 


10 minutes later: Good filling 
of the gastric outlet as well as 
of the duodenal sweep. 
Medical Records of Ayerst Laboratories $ 
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INFORMATION 
FOR Authors 


Nevurovocy, the official publication of the 
American Academy of Neurology, has been in- 
stituted to provide a medium for prompt pub- 
lication of articles dealing with neurology and 
its cognate fields and to stimulate individual 
investigation in these various fields. 

Manuscripts of papers read at meetings of 
the Academy must be filed with the secretary 
at the time of the meeting, and will be pub- 
lished if acceptable to the editorial board. They 
are the property of the Academy, and authors 
who me to publish them elsewhere must first 
request release. 

Manuscripts submitted for publication (other 
than those read at meetings of the Academy) 
should be sent to Dr. Russel N. DeJong, Uni- 
versity Hospital, Ann Arbor, Michigan. Books 
for review and business correspondence should 
be addressed to Nevrotocy, 84 South Tenth 
Street, Minneapolis 3, Minnesota. News items 
related to the American Academy of Neurolo 
or to the field of neurology in general are to be 
sent to Dr. Pearce Bailey, 4725 Sedgwick, 
N.W., Washington 16, D.C. 

Manuscripts are accepted for publication on 
condition that they are contributed solely to 
Nevuro.ocy. They must be typewritten, double 
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spaced, and only the original copy should be 
submitted. Illustrations should be drawn in 
India ink on white paper with clear lettering. 
Photographs should be unmounted glossy prints. 
Tables should be typed on separate sheets. The 
title of the article, name of author, and number 
of figure should be placed on the back of eve 

illustration, and the top should be cetptel. 
—— for figures should be typed and are not 
to be attached to the illustrations. If the num- 
ber of illustrations or tables is excessive, the 
author will be asked to defray a part of the cost. 

References should be designated in the text 
by superior number, and should be listed at the 
end of the article in numerical sequence. They 
should be typed in the following manner: 

Journal reference: 1. FRANKLIN, C. R., and 
Brickner, R. M.: Vasospasm associated with 
multiple sclerosis. Arch. Neurol. & Psychiat. 
58:125, 1947. 

Textbook reference: 2. Wecuster, I. S.: 
A Textbook of Clinical Neurology, ed. 8. Phila- 
delphia, W. B. Saunders Company, 1958, pp. 
194-199. 

Abbreviations should follow the style of the 
Quarterly Cumulative Index Medicus. 

Galley proofs will be sent to authors for 
‘agp correction. There will be no charge 
or corrections unless excessive alterations are 
made. A schedule of charges for reprints will 
accompany the galley eel 
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Akineton: 


brand of biperiden (ee) 
PARKINSON’S DISEASE 


postencephalitic — idiopathic — arteriosclerotic 


DRUG-INDUCED EXTRAPYRAMIDAL DISORDERS 


parkinsonism — dyskinesia — akathisia 


MUSCULAR SPASTICITY NOT RELATED TO PARKINSONISM 


ACTION Frequently diminshes akinesia, rigidity, and tremor 
with subsequent improvement in coordinated move- 
ment, gait, and posture. Masklike face disappears. 
Salivation and oily skin are decreased. Oculogyric 
crises are often lessened in intensity and frequency. 


SIDE EFFECTS Minimum (mainly dry mouth or blurred vision). 


DOSAGE Individual adjustment of dosage is ry in all 
instances. Dose range extends from 2 mg. te 24 mg. 
j daily, in divided doses. 


| AVAILABLE Supplied as the hydrochloride salt, 2 mg. bisected tab- 
| lets, bottles of 100 and 1000. 


Complete information furnished upon request. 


KNOLL PHARMACEUTICAL COMPANY 
(formerly Bilhuber-Knoll Corp.) 


VYewu agent for parkinsonism 
“ated 
4 
| 
| 
| 
| 
| 
- 
| 7A 


-ELECTROENCEPHALOGRAPH 


The improved Model D Electroencephalograph pre- 
sents all of the latest advances in component reli- 
ability and manufacturing techniques, retaining the 


advantages of ease of operation and maintenance wie for descriptive 
built into the instrument during over ten years of literature ond prices on: 
experience in manufacture and application. ELECTROMYOGRAPHS 


ELECTROENCEPHALOGRAPHS 
New components, such as strain gage amplifiers, STRAIN GAGE AMPLIFIERS 


D. C. channels, etc. are available. Special amplifiers RECORDER PAPER 
can be designed and furnished upon submission of ELECTRODES 


specifications. All of these units are a:ranged for SHOCK THERAPY EQUIPMENT 
easy plug-in installation in the standard console. 


MEDCRAFT ELECTRONIC corp. 


= s and manufacturers of diagnostic 


426 GREAT EAST NECK ROAD, cnovion, me 
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cause it sustains relief of myasthenia 
Gravis symptoms up to two arid one-half 
times as long as the regular tablet, 
MESTINON TIMESPAN Often “eliminates 
the need for sleep interruption to take 
further medication and leads to better 
‘Strength in the morning.”* For treatment 
_ during waking hours, MESTINON TIMESPAN 
enience, prolonged 
individual doses, and 

ym from muscarinic 


— muscle tissue. By inhibiting 


acetylcholine at this 
iction, Mestinon acts 
specifically to 
neuromuscular 


MESTINON» 
"—brand of pyridostigmin bromide 
bromide) 


in sustained release tablets — requires fewer individual doses 


ROCHE LaBorarories: Division of Hoffmann-La Roche Inc* Nutley 10, New Jersey 
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i :: Timespan t S— to 3 tablets once 
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Mellaril 


THIORIDAZINE HCI 
specific, effective tranquilizer 


provides highly effective tranquilization, 
relieves anxiety, tension, nervousness, 
but (s virtually free of such toxic effects as 
jaundice 
Parkinsonism 
blood dyscrasfa 


Fy 
dermatitis 


- ke 4 
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*® 
how does Mellaril differ from other potent tranquilizers? 
hae 
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greater specificity of tranquilizing 
action results in fewer side effects 


| tranquilization 


Virtual freedom of Mellaril 
from major toxic effects is 
due to greater specificity 
of tranquilizing action 
—divorced from such 
“diffuse” effects as anti- 
emetic action. 


“The most striking aspect of thioridazine |MELLARIL] therapy is the poverty 
of side-effects.” 


“In conclusion it may be said that thioridazine is at least as effective in 
relieving psychiatric illness as other drugs of its class. On a milligram for 
milligram basis it has the same order of potency as chlorpromazine. in 
its low incidence of side-effects and toxicity, it is superior to all other 
tranquilizing drugs tested. For this reason it is well tolerated by patients, 
particularly those who are not hospitalized and who frequently discontinue 
their medication with other drugs because of dizziness, sleepiness, increased 


tension, or Parkinsonism.’”* 
Supply: MELLARIL Tablets, 10 mg., 25 mg., 100 mg. 


SANDOZ 


*Kinross-Wyright, J.; Newer phenothiazine drugs in treatment of nervous disorders, J.A.M.A. 170:1283, July 11, 1959. 
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METHANESULFONATE (BENZTR 


-COMPLICATES: 


HENOTHIAZINE 


~ . 
“easily alleviated with COGENTIN,”' even in 
is a most powerful antispasmodic,’ 
its long, cumulative action is unusually 
tolerated. By controting 
other extrapyramidal symptoms, 
usually enables the physician to continue the 


Since 1951, conflicting reports have appeared 
regarding the usefulness of ACTH and corti- 
sone in the treatment of neurologic disorders. 
A general note of pessimism is prevalent. 
Multiple sclerosis and the Guillain-Barré syn- 
drome have been the focal points of much of 
this controversy. One problem has been the 
difficulty in conducting carefully controlled 
studies because of the variable clinical courses 
of these conditions. Reports do suggest that 
these antiinflammatory agents are of more 
clearly defined value in such entities as postin- 
fectious encephalomyelitis, infantile spasms, 
retrobulbar neuritis, and Bell’s palsy. Results 
of treatment are more easily interpreted in 
these conditions because their clinical courses 
are fairly predictable. 

The question of how multiple sclerosis _re- 
sponds to these agents will not be dealt with 
to any extent, although we believe ACTH— 
especially by the intravenous route—to be of 
benefit. 

A review of the literature indicates that 
ACTH and cortisone are of value in the Guil- 
lain-Barré syndrome. Although only those pa- 
tients who respond to therapy are likely to be 
presented in detailed reports, the responses 
described have been impressive. The chart 
includes only American and British reports!-'® 
and only those in which dosage and time re- 


ACTH in acute neurologic disorders 


Thomas W. Wallace, M.D., and Guy H. Williams, Jr., M.D. 


Volume 11 © Number 2 


lationships are given, in which the illness is 
clearly progressive up to the initiation of 
treatment and in which there are no compli- 
cating factors raising doubt as to diagnosis. A 
large majority of the patients described in 
these reports showed a significantly rapid re- 
sponse—improvement began in a few hours or 
days. ACTH seems to have been the more ef- 
fective agent, and possibly higher doses of 
cortisone were more effective than lower doses. 
However, such conclusions are not fully justi- 
fiable from the data presented. Relapses were 
frequently noted when dosage was reduced or 
treatment stopped early, but improvement 
again was regularly demonstrated when the 
dose was increased or therapy reinstituted. 
These data also suggest the effectiveness 
of these agents. The case of recurrent poly- 
neuritis described by Austin'’® is an impres- 
sive example. In his patient, signs and symp- 
toms could be closely correlated with dosage 
changes. He described fluctuating alterations 
in palpable nerve thickening that were shown 
histologically to be due to edema. 


From the Department of Neurology, The Cleveland Clinc 
Foundation and The Frank E. Bunts Educational Institute, 
Cleveland. 

Dr. Wallace is a fellow in the Department of Neurology. 
Presented before the twelfth annual meeting of the Ameri- 
can Academy of Neurology, Miami, April 28, 1960. 
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Cortisone R, mg. 
[J] ACTH R mg. or 


REPORTED CASES,” 
GUILLAIN — BARRE 
SYNDROME 


units 


10 


Numbers at left of each column 
refer to the references. 


DAYS 


Reported cases of Guillain-Barré syndrome treated with ACTH or cortisone. In each case, the 
dosage and the length of time from start of treatment to the first signs of improvement are shown. 


ILLUSTRATIVE CASE REPORTS 


Our chief interest in corticosteroids and 
ACTH arose early in 1954, when we were 
confronted with the problem of treatment in 
several acute neurologic disorders. 


Case 1.* A 32-year-old salesman who had pre- 
viously enjoyed excellent health was admitted to 
the hospital with numbness of the feet and hands 
and weakness of the lower limbs. The deep ten- 
don reflexes were hypoactive. Lumbar puncture 
revealed that the opening pressure, hydrody- 


namics, and cytologic and chemical components 
of the spinal fluid were normal. A tentative diag- 
nosis of Guillain-Barré syndrome was made and 
cortisone therapy was instituted. For the first 
two days, there was slight subjective improve- 
ment, but the deep tendon reflexes became less 
active until they were absent and muscle weak- 
ness increased rapidly. Cortisone therapy was 
continued for five days. Because of the progres- 


*The patient was admitted on the service of Dr. Ray Van 
Ommen from the Department of Medicine. Treatment 
was planned in conjunction with Dr. Van Ommen. 
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ACTH IN NEUROLOGIC DISORDERS 


sive worsening of his condition, characterized by 
difficulty in breathing and swallowing, facial 
weakness, and profound weakness of all extremi- 
ties, the cortisone was discontinued and a course 
of daily intravenous infusions of ACTH was 
started by slow drip. Lumbar puncture on the 
fifth hospital day showed elevation of the pro- 
tein content to 96 mg. per 100 cc. 

During the first infusion of ACTH, the patient 
said he felt better. He reported more ease in 
breathing and again was able to move his feet 
from the footboard. During the next two days, 
his facial weakness seemed to progress slightly, 
but, in spite of this, the strength in his legs im- 
proved. On the fourth day of ACTH therapy, he 
was able to hold a book in his hand and move 
his shoulders to a moderate degree. On the 
following day, the facial muscles were definitely 
stronger. His rapid improvement continued. 


Case 2. Two days after the patient in case 1 
had been started on intravenous ACTH, we ex- 
amined a 36-year-old woman who came to the 
clinic because of urinary incontinence and paraly- 
sis of the legs. The woman had become pregnant 
approximately ten months before this consulta- 
tion. Early in the pregnancy, there had been 
threatened abortion. Shortly thereafter, numb- 
ness of the face had developed, succeeded by 
numbness of the right thigh and subsequently by 
bilateral numbness from the waist down. After 
this, weakness of the right leg and then the left 
leg developed. Subsequent to delivery, the dis- 
ability of her legs had increased to total paralysis 
and urinary incontinence had appeared. On occa- 
sion, she had noted some blurring of distant vision. 

Neurologic examination revealed (1) flaccid 
paraplegia, (2) a bilateral sensory level at D7 
with hypesthesia to anesthesia to all modalities, 
(3) absence of abdominal reflexes, (4) a 3 plus 
patellar reflex on the right and a 2 plus patellar 
reflex on the left, (5) 1 plus Achilles tendon re- 
flexes bilaterally, and (6) a Babinski sign bilater- 
ally. Lumbar puncture showed normal spinal 
fluid pressure with no evidence of block. Analysis 
of the spinal fluid revealed (1) 14 white blood 
cells per cubic millimeter—30 per cent were poly- 
morphonuclear leukocytes and 70 per cent were 
lymphocytes, (2) negative globulin, (3) total 
protein of 65 mg. per 100 cc., and (4) a nega- 
tive colloidal gold test. 

The tentative diagnosis was multiple sclerosis, 
neuromyelitis optica, or transverse myelitis. The 
patient was admitted to the hospital and daily 
intravenous infusions of ACTH were begun. 
During the first infusion, she noted relief of muscle 
spasms. However, these recurred approximately 
one hour after the infusion was completed. On 
the same day, she also expressed the opinion 
that the blurring of vision had improved. 

On the third day of treatment, she began to 
move her feet. After the fifth intravenous in- 
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fusion, there was further definite improvement: 
she could move her lower limbs and sensation re- 
turned. The next day, she was able to flex the 
left knee, extend the left leg, and push the foot 
down. Some improvement in the strength of the 
right leg was also noted. 

Throughout her hospital stay of twenty-nine 
days, there was progressive improvement. Just 
before her discharge, her condition was evaluated 
by the physician in charge of the department of 
physical medicine. He stated that she had made 
a good recovery and was able to walk unassisted 
in the parallel bars but that her coordination was 

Although it is not particularly pertinent to the 
subject, this woman has been followed and treat- 
ed for several years with intramuscular ACTH gel. 
With prolonged use of this preparation, moon 
facies and some swelling of the lower extremities 
have developed. However, the patient admitted 
using large amounts of salt in her food. Blood 
electrolytes, blood sugar, blood pressure, and 
roentgenograms of the bones were normal after 
three and one-half years of treatment. 


Case 3. One of the most remarkable results we 
have seen from intravenous ACTH occurred in 
the case of a 7-year-old girl who apparently had 
an attack of “flu” two months before our first 
consultation. After this illness, she had suboccipital 
and vertex headache associated with fever and 
visual deficit. 

Five weeks later, after further progression, she 
had been admitted io the Cleveland Clinic Hos- 
pital on the neurological surgery service. A tenta- 
tive diagnosis of encephalitis had been made on 
the basis of a normal pneumoencephalogram and 
spinal fluid that showed pleocytosis with 26 cells 
per cubic millimeter, 93 per cent of which were 
lymphocytes. The age had responded well to 
roentgen therapy, but, after about a week, her 
condition rapidly worsened; this was characterized 
by vomiting, occipital pain, neck stiffness, diffi- 
culty in walking, poor use of the left leg and then 
the left arm, lethargy, and need for parenteral 
feedings. Ten days after the reappearance of 
symptoms, she was readmitted. A second pneumo- 
encephalogram revealed slight dilation of the ven- 
tricles, and examination of the cerebrospinal fluid 
showed only 7 white cells per cubic millimeter. 

The neurologists were consulted after the second 
pneumoencephalogram had been made. At this 
time, the patient was in critical condition. She 
had delirium with constant crying, marked optic 
disk pallor, nystagmus to right lateral gaze, weak- 
ness of the left external rectus muscle, spastic 
quadriparesis, absent abdominal reflexes, bilateral 
Babinski signs, and decorticate posture. 

We tentatively diagnosed leukoencephalitis and 
recommended that she be given daily intravenous 
injections of ACTH. Large doses of Compazine 
were given to control restlessness. There was no 
further progression, and, by the tenth day, con- 
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siderable improvement was obvious. She was 
able to talk spontaneously, was much more co- 
operative, and ceased crying. By this time, the 
postural changes were no longer evident. 

She had 15 intravenous ACTH treatments, 
after which she was given daily intramuscular in- 
jections of ACTH gel. At the time of discharge 
from the hospital—one month after ACTH therapy 
had been instituted—her condition was remark- 
ably improved. She was able to be up and about, 
seemed fairly clear mentally, responded normally 
to questions, spoke spontaneously, and had less 
neurologic deficit. 

The patient was rechecked approximately one 
month after discharge. The pediatrician who had 
followed her throughout her hospital course was 
astounded. The neurosurgeon who reexamined her 
commented: “This result would be a triumph 
even for the aseptic scalpel.” 

Our neurologic evaluation likewise demonstrat- 
ed a remarkable improvement in her condition. 
The family reported some restlessness, some in- 
creased talkativeness, and excessive giggling. 
Nevertheless, her reading ability, speech, memory, 
and ability to understand the spoken word seemed 
normal. Both optic disks were pale. The cranial 
nerve functions were normal. Deep tendon re- 
flexes were hyperactive, but symmetric. Coordi- 
nation was good except for a slight defect in the 
finger-to-nose test with the left hand. Muscle tone 
was normal, as was the strength in all extremities. 
Abdominal reflexes were present in all quadrants, 
whereas they had been absent at the height of her 
illness. The left plantar reflex was normal and 
the right was questionable. 

We recommended gradual reduction of the 
ACTH gel, and, after another month, this prepara- 
tion was discontinued. She has been examined 
periodically since her discharge from the hospital 
in May 1958 and apparently is normal intellectu- 
ally. Except for optic atrophy, neurologic findings 
are likewise normal with flexor plantar responses. 


We believe that it is important to em- 
phasize the rapid response of acute neurologic 
disorders to intravenous ACTH. We have 
treated (1) a young woman with defects of 
the visual fields from optic neuritis who de- 
scribed improvement during the first infusion, 
(2) a man with Guillain-Barré syndrome who 
noted some improvement in muscle strength 
almost immediately after the first infusion, and 
(3) an adolescent girl with progressive post- 
eclamptic choreoathetosis and spasticity who 
became completely hemiplegic after an arterio- 
gram and improved a few hours after the first 
dose of ACTH. Almost immediate responses 
such as these have been regularly followed by 
sustained rapid improvement. 


COMMENTS 

Examples, rather than a statistic summary. 
have been presented to emphasize the point 
that, in situations requiring prompt measures, 
dramatic results may be obtained with intra- 
venous ACTH. 

For many of these acute neurologic dis- 
orders, there may be the common denomi- 
nator of an allergic reaction. Similarities be- 
tween acute disseminated encephalomyelitis 
and experimental allergic encephalomyelitis 
are strong. It has been shown by Gammon 
and Dilworth'? that ACTH stops the progres- 
sion of signs of experimental allergic encepha- 
lomyelitis in guinea pigs. So far, ACTH is 
the only agent proved to have therapeutic 
value in this condition.'* 

ACTH and corticosteroids will also sup- 
press the production of antibodies by lymphoid 
tissues, and organ-specific antibodies are hy- 
pothesized as causing experimental allergic 
encephalomyelitis. The possibility that some, 
if not all, of these disorders are associated 
with autoimmune states suggests a further 
analogy with the therapeutic effectiveness of 
ACTH and corticosteroids in such conditions 
as hemolytic anemia, thrombocytopenic pur- 
pura, and the collagen diseases. In those con- 
ditions, too, the treatment is nonspecific in the 
sense that it is directed at mechanisms already 
set into play. 

The corticosteroids suppress adrenocorti- 
cal activity and may cause atrophy of the adre- 
nal cortex—the so-called “medical adrenalec- 
tomy.” The newer corticosteroids, which have 
greater antiinflammatory action, show an in- 
creased propensity to such an undersirable ef- 
fect. Severe withdrawal symptoms or marked 
recrudescences of the disorder being treated 
may occur. 

Far fewer side effects are seen with ACTH 
and withdrawal effects, if any, are much mild- 
er. Alexander and his co-workers!® believed 
ACTH to be more effective than the corti- 
costeroids in multiple sclerosis, and this has 
been our experience. The superiority of ACTH 
has been demonstrated even more clearly in 
nonneurologic disorders.*° One factor may be 
the ability of this hormone to cause release 
from the adrenal cortex of hormones other 
than cortisone or hydrocortisone. Even more 
intriguing is the likelihood of extraadrenal 
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effect. Selye?! has shown experimentally that 
only ACTH can suppress inflammation at doses 
that do not cause any pronounced catabolism. 
That ACTH can stimulate cerebral phospho- 
rylation without acting through the adrenal 
cortex adds more evidence of extraadrenal 
action.*" 

In general, the most effective treatment pro- 
gram seems to be 20 or 40 units of ACTH 
given daily in slow intravenous infusions for 
two to four weeks, followed for a variable 
period by 20 units of ACTH gel given intra- 
muscularly two or three days a week. 

During a period of several years, we have 
conducted a trial of ACTH therapy in approxi- 
mately 360 cases of multiple sclerosis and 
other disorders. The lack of undesirable side 
effects has been impressive. However, in 2 
patients, an aqueous ACTH preparation given 


intravenously caused acute allergic reactions 
in the form of generalized urticaria. Edema 
and tachycardia occurred in a patient with 
rheumatic heart disease. There were 2 in- 
stances of acne from ACTH. Two patients 
had mild transitory nocturnal confusion and 
probably hallucinations, but these disturbances 
were readily controlled with Compazine. 


SUMMARY 


In our opinion, ACTH and corticosteroids 
are of definite value in the treatment of cer- 
tain acute neurologic disorders. ACTH is more 
effective and safer than the corticosteroids. In 
the patients we treated, complications with 
ACTH therapy were essentially negligible, 
even with prolonged use. Our observations on 
the clinical effects of ACTH conform to those 
of others. 
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The quantitative cortical origin 


of pyramidal axons of Macaca rhesus 


With some remarks on the slow rate of axolysis 


John R. Russell, M.D., and William DeMyer, M.D. 


For THE Last hundred years, neurologists 
have been curious about the origin of the 
longitudinal fibers of the medullary pyramids. 
A number of excellent articles'-"4 have re- 
viewed the anatomy of the pyramidal system, 
particularly its origin. Table 1 summarizes 
most of the important references for the corti- 
cal origin of pyramidal fibers in the monkey— 
the animal most extensively studied. 

The majority of authors agree that, in the 
monkey, all or almost all pyramidal axons 
arise in the cerebral cortex. All authors agree 
that Brodmann’s area 4 provides many axons. 
From this focus of agreement, opinions di- 
verge. Contributions from area 6 and the 
parietal lobe have been claimed and denied. 
Except that the previous studies have failed 
to account for the origin of all pyramidal 
fibers, most authors find no reason to suspect 
origin from the rest of the cortex. Notable ex- 
ceptions are the now contested claim that 
a small number of pyramidal fibers arise from 
the temporal and occipital lobes in the cat,*° 
and Sunderland’s suggestion*® that the tem- 
poral lobe of the monkey may provide some 
pyramidal fibers. In the monkey, area 4 is 
certainly a source of pyramidal axons, and 
area 6 and the parietal lobe are considered to 
contribute in some degree; nevertheless, pre- 
vious studies have not located the origin of 30 
to 50% of the pyramidal axons. The aim of this 
project was to account for these axons. 


MATERIAL AND METHODS 


A systematic series of partial cerebral or 
cortical ablations was done on 70 Macaca 
rhesus monkeys. Groups of 9 to 11 monkeys 
were subjected to one of the following oper- 
ations: [1] removal of the frontal pole (in- 


96 


cluding all the frontal lobe white and gray 
matter rostral to a plane through the arcuate 
sulcus, but sparing the head of the caudate 
nucleus and area 6); [2] decortication of area 
6 (area FB-FCBM of von Bonin and Bailey);*! 
[3] decortication of area 4 (area’ FA); [4] 
decortication of the parietal lobe (including 
the deep cortex of the intraparietal sulcus, 
and extending back to the rostral lip of the 
lunate sulcus); [5] occipital lobectomy; [6] 
temporal lobectomy; and [7] hemidecortica- 
tion. A few animals were subjected to mesen- 
cephalic crusotomy. 

The 7 types of cortical ablations are illus- 
trated in Figures 1 through 7 and summarized 
in Figure 8. Some overlap of the operative 
fields occurred at the temporoparieto-occipital 
confluence. 


SURGICAL PROCEDURES 


All animals were operated on under intra- 
peritoneal sodium pentobarbital anesthesia. 
The brain was exposed by craniectomy in the 
appropriate area and by semicircular incision 
of the dura mater. The desired cortex (and 
white matter in the case of lobectomies) was 
removed by a small sucker. Arterial bleeding 
was controlled by electrical coagulation. Care 
was used to preserve the blood supply to re- 
maining areas of the brain. On resection of 
the frontal pole, the branches of the anterior 
cerebral artery that nourish the frontal pole 
were coagulated and divided, but the main 
trunk of the anterior cerebral artery was left 
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intact. On resection of the temporal lobe, care 
was taken to save the middle cerebral artery 
within the Sylvian fissure; however, branches 
to the temporal lobe had to be divided. 

In parietal decortications and temporal lo- 
bectomies, removals were complete except for 
the cortex deep in the Sylvian fissure and the 
insula. Removal of this tissue without damag- 
ing the precentral cortex or its blood supply 
did not seem possible. In decortication of areas 
4, 6, or the parietal lobe, the lesion was ex- 
tended over the medial aspect of the hemi- 
sphere down to the sulcus cinguli; great cau- 
tion was taken to preserve the white matter. 

In performing hemidecortication, all the 
cortex of one hemisphere was removed at one 
session; preservation of the thalamus, basal 
ganglia, and their blood supply was attempted. 
Histologic studies later showed that the thala- 
mus was well preserved, but that the caudate 
nucleus was extensively damaged. To facili- 
tate exposing the cerebral peduncle for mesen- 
cephalic crusotomy, part of the temporal lobe 
was resected. Division of the basis pedunculi 
was completed with a fine sucker. Dural in- 
cisions were closed with fine silk sutures, but 
craniectomy defects were not repaired. Mus- 
cles were replaced, and skin incisions were 
closed with silk sutures. 


ANATOMIC PROCEDURES 


About 3 animals of each operative tvpe 
were sacrificed at intervals of 6, 12, 26, and 
52 weeks, with a few sacrificed at intermedi- 
ate times. Autopsy examination unfortunately 
showed that 6 of the 70 brains had to be dis- 
carded because of incidental cerebral lesions, 
such as cysts, old skull fractures, and, in 1 ani- 
mal, lead shots. Also discarded were 6 other 
animals that died postoperatively or from in- 
tercurrent disease. This left 58 animals for 
study. 

Brains and spinal cords were fixed in 4% 
formaldehyde for histologic analysis. The ex- 
tent of the cerebral lesions was checked by 
histologic sections taken at 1- to 3-mm. inter- 
vals through the junction of the operative scar 
and remaining tissue. All sections were orient- 
ed to show the cytoarchitectural extent of 
the lesions to best advantage. Cytoarchitectur- 
al accuracy of the lesions was estimated with- 
out knowledge of the condition of the medul- 


TABLE 1 
ANATOMIC LITERATURE ON CORTICAL ORIGIN 
OF PYRAMIDAL FIBERS IN THE MONKEY 


Brain 


region Remarks® 


Frontal pole Hirasawa and Kato” and Minkowski* thought 
that some pyramidal fibers originated rostral 
to the arcuate sulcus, but these authors pre- 
sented no proof that the precentral cortex 
was intact. Otherwise, no positive anatomic 
evidence suggests the origin of pyramidal 
fibers rostral to the arcuate sulcus. Woolsey 
and Chang,” however, reported antidromic 
activation of area 8 by stimulation of the 
medullary pyramids. 

Area 6 Hoff," studying degeneration of terminal 
buttons, thought that area 6 provided py- 
ramidal axons. Kennard,’ who used the 
Marchi method, Rothmann,” and von Mo- 
nakow® considered area 6 to be a source of 
pyramidal fibers. Verhaart and Kennard,” 
again applying the Marchi technic, re- 
versed Kennard’s earlier opinion. However, 
Verhaart later™ considered area 6 to provide 
some fibers. In 1944, Mettler thought that 
no pyramidal axons arose in area 6, but by 
1947 he had decided in favor of an area 6 
origin for some fibers.*-* using the 
Marchi stain, Levin and Bradford,™ relying 
on chromatolysis of cortical cells, and 
Krieg, using the Marchi technic, found 
little evidence for origin from area 6. The 
literature is obviously conflicting, and at 
least 4 investigators, Kennard, Levin, Mett- 
ler, and Verhaart, have changed their opin- 
ions about pyramidal contributions from 
area 6. 


Area 4 All authors agree that many pyramidal fi- 
bers, but especially the large fibers, arise in 
area 4. 


Parietal 
lobe 


Levin and Bradford,*? Peele?‘ Mettler,* Cole 
and Glees,™ Minkowski,® Uesugi,™ von Mo- 
nakow,* and Tower,” agree that the parietal 
lobe contributes fibers. Lassek, in 1942,°° 
decided against a parietal origin, but in 
1952,%* he considered 33% or more of the 
axons to arise outside the frontal lobe. 


Occipital 
and tempo- 
ral lobes 


No positive evidence suggests that pyram- 
idal fibers might arise from these lobes in 
the monkey, except for evidence presented 
by Sunderland.” 


*This table and references 1-14 are presented as keys to 
the literature rather than as an exhaustive review. Much 
of the early work is omitted because it is cited in the 
more recent references. 


lary pyramids. Lesions were graded as con- 
servative, accurate, or radical. When a lesion 
was considered to miss the cytoarchitectural 
boundaries by more or less than 10%, the 
animal was excluded from the final analvsis, 
but these animals are included in the raw data 
(Table 2). Appraisal of the cytoarchitectural 
accuracy of the lesions, particularly the bound- 
aries of areas 4 and 6, is the least accurate 
aspect of the study. 
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To appraise axon loss ensuing from the 
operations, the number of intact axons in the 
right and left pyramids was estimated from 
silver-impregnated frozen sections that were 
17 » thick. Sections were taken transversely 
through the medulla oblongata at the caudal 
third of the inferior olivary nucleus. Complete 
descriptions of the axon counting method, 
silver carbonate impregnation method, and 
normal values for axons and myelin sheaths in 
monkey medullary pyramids have been given 
in previous publications.**-*+ 

To summarize the census procedure: axons 
were counted by means of oil immersion ob- 
jective and 20X oculars equipped with a 
counting grid. Random samples were counted 
until estimate of the total number of axons was 
expected to be within +5% of the real value in 
95% of specimens, as shown by the expression: 


Sx 
P(X +t 
N 


{N 

The symbol @ is the arbitrarily selected sig- 
nificance level which, throughout this paper, 
is the 0.05 level. Counting is continued until 


Xx Sx 
OKX+ 


Since all surgical operations were done on 
the right side of the brain, the number of 
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axons in the right pyramid was divided by 
the number in the left to give a percentage 
expressing the relative number of intact axons 
remaining on the affected side. In the enumer- 
ation, the axon was considered intact if [1] 
it ran with the rest of the axons through the 
thickness of the section and [2] it had no 
definite stigmata of degeneration: droplet 
disintegration or extreme varicose swelling and 
tortuosity. When these criteria of degenera- 
tion were absent, the axon was considered in- 
tact even though there might be some altera- 
tion in depth or color of impregnation or minor 
to moderate variation in caliber. Droplet dis- 
integration and varicose swelling are more 
useful criteria for detecting degeneration of 
large axons than small ones. 

The pyramidal counts were all done without 
knowledge of the type of operation and of 
which was the right or left pyramid. Normal 
control animals were blindly included. When 
obvious degeneration was present, these safe- 
guards were of course inoperative, but the 
safeguards were deemed essential to prevent 
observer bias in animals with little or no pyra- 
midal degeneration. 


RESULTS 
Table 2 summarizes the raw data. Table 3, 


based only on one-year survivors, shows our 
estimate of the quantitative contribution of 


LEGENDS FOR ILLUSTRATIONS ON OPPOSITE PAGE 


Fig. 1. Dorsal and lateral aspect of brain after removal of the frontal pole 


Fig. 2. Dorsal and lateral aspect of brain after decortication of area 6. Margins of the remaining 
tissue have approximated, making the extent of the decortication seem less than it actually was. 
Close comparison with the opposite side will disclose the true extent of tissue removal. 


Fig. 3. Dorsal and lateral aspect of brain after decortication of area 4. As in Figure 2, the extent 
of the removal is minimized by the shift of the tissue to approximate the margins of the defect. 


Fig. 4. Dorsal and lateral aspect of brain after parietal decortication. The lesion was extended 
back to the lunate sulcus. The rostral lip of the lunate sulcus is occipital lobe, but the lunate sul- 
cus provides a more constant landmark than the superior temporal sulcus. 


Fig. 5. Dorsal and lateral aspect of brain after occipital lobectomy. The lesion includes the rostral 


lip of the lunate sulcus. 


Fig. 6. Ventral and lateral aspect of brain after temporal lobectomy. The most dorsal aspect of 
the superior and middle temporal gyri is included in the parietal decortications. 


Fig. 7. Dorsal and medial aspect of brain subjected to hemidecortication. 


Fig. 8. Composite diagram of the types of cerebral ablations. Numbers 1 through 6 correspond 


to Figures 1 through 6. 
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Figs. 1 through 7 show the types of operations performed on the monkeys. All photographs were 
taken from animals surviving the operation for 1 year. In decortication of areas 6, 4, or the pa- 
rietal lobe, lesions were extended medially to the sulcus cinguli. Legends on page 98 
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TABLE 2 


Size of Size of Right /left 
Axons right Axons left Weeks ratio of 
in right pyramid, in left pyramid, of pyramidal 
No. Operation pyramid mm.* pyramid mm.? survival axons, % Appraisal of lesion 
1 Ablation 395,500 2.175 392,400 2.264 4 100.1 Accurate 
2 off frontal 336,200 1.490 374,000 1.564 6 89.9 Accurate—1 small area of cell 
pole loss in FB 
3 336,900 1.842 355,600 1.822 12 94.7 Accurate—-2 small foci of cell 
loss in FA 
4 347,000 1.938 358,400 1.814 12 96.8 Accurate—FB damaged in 
one section 
5 327.900 2.504 328,000 2.577 26 100.0 Radical-rostral limit of FB 
damaged 
6 283,600 2.239 287,200 2.225 52 98.8 Accurate —slight encroach- 
ment on FB 
7 354,400 2.282 405,500 2.375 52 87.4° Radical-rostral limit of FB 
damaged 
Ss 285,600 2.057 345,700 2.419 52 82.6° Extensive damage to FB 
and FA 
9 Decortica- 361,400 2.155 410,200 2.142 6 88.1 Accurate oars 
10 __ tion of 312,800 1.623 369,400 1.678 6 84.7 Accurate 
11 area 6 386,500 1.978 533,400 1.917 12 72.5 Accurate : 
12 306,100 2.131 345,400 2.057 12 88.6 Conservative—-lesion margin 
rostral to FA 
13 325,600 2.387 431,700 2.503 26 75.4 Accurate 
14 304,600 2.031 417,800 2.165 26 72.9 Radical—some damage to FA 
rostrally 
15 316,500 2.671 443,900 3.126 52 71.3 Accurate—slight encroach- 
ment on FA 
16 303,500 2.605 455,300 3.186 52 66.7 Accurate—slight damage to FA 
rostrally 
17 244,900 1.520 386,400 1.918 52 63.4 Radical_-some encroachment 
on FA 
18 237,800 1.642 435,131 2.247 52 54.7° Rostral border of FA 
extensively damaged 
19 p Decorti- 325,800 2.386 406,600 2.715 6 80.2 Conservative 
20 cation of 359,900 2.190 416,300 2.278 6 86.5 Conservative 
21 area 4 340,300 2.541 385,600 2.624 6 88.3 Conservative 
22 349,900 1.901 390,300 1.972 6 89.7 Accurate 
23 232,200 1.735 353,400 2.158 26 65.7 Accurate 
24 271,800 1.668 447,000 2.440 26 60.8 Conservative 
25 308,900 1.838 459,700 3.340 52 67.2 Accurate 
26 33 12,800 1.800 492,400 2.940 52 63.5 Radical--FB encroached on. 
PA damaged but PB intact 
27 134,200 1.275 376,100 2.756 52 35.7° FB and PB extensively 
damaged 
28 177,300 1.393 396,300 2.873 52 44.7° PB extensively damaged 
29 " Parietal 354,800 2.914 405,900 2.811 6 87.4 Accurate-very slight dam- 
. age of FA 
decorti- 
30 : 344,000 2.518 446,900 2.579 6 77.0 Accurate—PA and some of 
catior PB spared 
31 388,300 2.011 493,400 2.112 6 78.7 Accurate—border of lesion 
in PA 
32 335,200 2.000 473,500 1.974 12 70.8 Conservative—border of lesion 
spares some of PB 
33 270,300 1.686 461,200 2.368 26 58.6 Radical—questionable reduc- 
tion in number of Betz cells 
in FA 
34 311,100 2.648 358,200 2.538 26 86.9 Accurate-—questionable reduc- 
tion in number of Betz cells 
in FA 
35 230,100 2.131 423,600 2.842 52 54.3 Accurate—-some foci of cell 
loss in occipital lobe 
36 247,900 1.924 418,000 2.250 52 59.3 


Accurate —very slight damage 
to FA 


RAW DATA ON 58 MONKEYS SUBJECTED TO VARIOUS CEREBRAL OPERATIONS 
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TABLE 2—ccontinued) 
RAW DATA ON 58 MONKEYS SUBJECTED TO VARIOUS CEREBRAL OPERATIONS 


Size of Size of Right/left 
Axons right Axons left Weeks ratio of 
in right pyramid, in left pyramid, of pyramidal 
No. Operation pyramid mm.? pyramid mm.* survival axons, % Appraisal of lesion 
37 Occipital 405,900 2.020 393,300 2.231 6 103.2 Accurate—( Figs. 4-6) 
38 lobectomy 390,800 2.512 386,400 2.477 6 101.1 Accurate 
39 386,900 2.077 399,400 1.983 6 96.9 Accurate 
40 364,400 2.328 351,300 2.443 26 103.7 Accurate 
41 311,600 3.007 310,500 3.063 26 100.4 Accurate 
42 511,900 3.034 539,200 2.985 52 94.9 Accurate 
43 269,300 3.681 284,400 3.629 52 94.7 Accurate 
44 Temporal 372,300 3.261 366,900 3.121 6 101.5 Accurate—( Figs. 4-6) 
45 lobectomy 432,400 2.544 426,200 2.473 5 101.5 Accurate 
46 527,300 2.779 530,600 2.818 5 99.4 Accurate 
47 358,200 2.495 383,600 2.471 6 93.4 Accurate 
48 349,500 1.731 371,100 1.580 26 94.2 Accurate 
49 317,200 2.400 337,100 2.581 52 94.1 Accurate 
50 Hemi- 382,900 1.855 357,700 1.785 2.5 107.0 
51 decorti- 29,441 0.932 311,500 1.821 26 9.45 All of isocortex removed. 
52 cation 36,931 1.157 430,600 2.125 26 8.58 Caudate nucleus and putamen 
53 4,387 0.9455 266,400 2.377 52 1.65 partially damaged. Thalamus 
54 533 0.8265 388,000 2.842 52 0.14 intact except for retrograde 
55 5,765 0.8748 440,700 2.560 52 1.13 degeneration 
56 12,470 0.9882 477,900 3.660 52 2.61 
7 4,122 1.593 513,400 5.221 52 0.80 
58 Control 449,500 1.361 456,100 1.386 16 98.6 Craniotomy over precentral 


*These animals were eliminated from further consideration, 


the cortical fields. Virtually all pyramidal 
axons can be accepted as arising in the 
cerebral cortex—approximately 29% from area 
6, 31% from area 4, and the remaining 40% 
from the parietal lobe. The possibility of a 
small contingent of pyramidal axons arising in 
the frontal pole or occipital and temporal lobes 
cannot be completely excluded, but, at most, 
only a small per cent could come from these 
parts. 

Our method for determining the fields of 
origin of pyramidal fibers depends on esti- 
mating the ratio of the axons remaining in 
the affected pyramid to the number of axons 
on the normal side. The validity of this pro- 
cedure has to be justified. Previously we 
showed that, in a series of normal monkeys, 
the number of axons in the right pyramid may 
be expected to equal the number in the left, 
or, the right-left ratio may be expected to 
approximate 100%.** As a result of a unilateral 
cerebral operation, degeneration was seen only 
in the ipsilateral pyramid. We have also noted 


gyrus. No brain tissue 
removed 


since their lesions were too extensive. 


that some “normal” monkeys, not subjected 
to any surgical procedures, may have a few 
degenerating pyramidal fibers, usually bilater- 
ally.** Our animals with unilateral cerebral 


TABLE 3 
QUANTITATIVE ESTIMATE OF FIELDS OF ORIGIN 
OF PYRAMIDAL AXONS® 


Per cent Per cent 

N observed adjusted 
Frontal pole 0.0(?) 0.0 
Area 6 (FB-FBA) 3 32.9 29.0 
Area 4 (FA) 2 34.6 31.0 

Parietal lobe 

(Areas 3, 1, 2, 5, 7) 2 43.2 40.0 
Occipital lobe 0.0 0.0 
Temporal lobe 0.0(?) 0.0 
Total per cent 110.7 100.0 


*The table lists the per cent of the total number of py- 
ramidal axons estimated to arise in the cortical fields, based 
on animals surviving one year. N is the number of 1-year 
survivors on which the table is based. The possibility of 
a very small per cent of fibers arising in the temporal lobe 
and frontal pole cannot be completely excluded. 
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Fig. 9. Time rate of axolysis after the vari- 
ous cerebral ablations. As explained in the 
text, the per cent of axons degenerating after 
the various cerebral ablations has been 
transposed to permit — on a single 
graph. By reading the figures up the ordi- 
nate at the left, one finds the per cent of 
axons that appear intact at a given time 
but which will ultimately degenerate after 
a specified cerebral ablation. By reading 
down the ordinate at the right, one finds 
the per cent of axons that have disappeared 
or have reached a detectable stage of de- 
generation at a given time. Discrepant 
points at X = 26, Y = 69.7, and at X = 26, 
Y = —13.3 are explained in the text. 


ablations had no more degenerating fibers in 
the contralateral pyramid than did the normal 
controls. We conclude that no pyramidal fibers 
cross above the level of the medullary decus- 
sation to travel in the contralateral pyramidal 
system, and that the contralateral pyramid is 
appropriate to use as a paired control. Our 
results would not support the claim of some 
investigators for a supramedullary decussation 
of pyramidal axons (see discussion by Wal- 
berg and Brodal*°). 

Since the indicator of axon loss is the ratio 
of intact axons of the affected side to the non- 
affected side, the time rate of axolysis is cru- 
cial. We know of no previous quantitative 
data for the monkey, but Verhaart’s student, 
Van Crevel, has published a beautifully exe- 
cuted study in the cat.1* Our findings and Van 
Crevel’s, derived completely independently, 
are in close accord; both emphasize the ex- 
tremely long time required (six to twelve 
months) for axolysis to approach completion. 
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Many previous investigators of pyramidal 
tract anatomy have assumed that axolysis is 
complete within a few weeks or, at most, a few 
months. Acting on this assumption, they have 
sacrificed their animals too soon and have 
underestimated the axon loss. For this reason, 
the origin of 30 to 50% of the pyramidal axons 
has remained “undiscovered.” 

Figure 9 shows the time rate of axolysis 
after the various operations. To represent the 
data on a single scale, raw scores had to be 
converted. For practical purposes, axolysis can 
be considered complete at one year. The per 
cent of fibers degenerated at one year can 
represent the total number of fibers that will 
degenerate after any given cerebral ablation. 
For a given survival period, the per cent of 
intact axons that will ultimately degenerate is 


derived by: 
(R/L) tx — (R/L) tl 


100 (R/L)tl 

Y = per cent of axons that appear intact 
and that will degenerate. 

(R/L)tx = right-left ratio for number of 
axons appearing intact at survival time to tx. 
(R/L)tl = right-left ratio for number of axons 
appearing intact at one year. 

The ordinate of Figure 9 gives the per cent 
of axons appearing intact at various times in 
17 » thick transverse sections. Reading the 


x 100 


ENT OF AXONS APPEARING INTACT THAT WILL 
DEGENERATE 
+ 


PER ¢ 


Fig. 10. Semilogarithmic graph of the time 
rate of axolysis. The graph was composed 
by taking the mean of the values for Y at 
X = 6, 12, and 26 weeks in Fig. 9. The 
best-fitting line (in the sense of least 


squares) is y = abx = 85.94(0.936)x. 
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ordinate of Figure 9 starting with 0% at the 
top and ending with 100% at the bottom, one 
finds the per cent of fibers that have disap- 
peared or reached a detectable stage of de- 
generation, at a given time interval, in 17 » 
thick transverse sections. One might think of 
the graph as representing the probability that, 
at a given survival time, a 17 » length of a 
degenerating axon will have disappeared or 
will have reached a recognizable stage of de- 
generation. 

Figure 10 is the semilogarithmic graph of 
the data. The best fitting line in the sense 
of least squares is given by the expression 
y = ab* = 85.94(0.936)*. The values plotted 
at six, twelve, and twenty-six weeks were 
derived by averaging the raw data of Figure 9. 

In assessing these data on axolysis, several 
points must be remembered. The curve finally 
drawn represents a compromise—a loss of in- 
formation from the data—in that the results 
of all operations have been pooled. Pooling 
the data in this way might seem gratuitous. 
However, a trend is obvious, and the small 
number of animals in each group perhaps 
makes individual analysis even less satisfactory. 
What one is dealing with is a population 
of curves, so that the given curve obscures 
the probable differences in the time rate of 
axolysis for axons of different caliber. Axons 
from area 6 are much smaller in diameter 
than those from area 4, where many large 
axons arise. That large axons degenerate earlier 
than small axons, or at least reach a recogniz- 
able stage of degeneration sooner, is indicated 
by Van Crevel’s quantitative data,'* and has 
also been suggested by other observers using 
qualitative appraisal. The number of com- 
pletely or recognizably degenerated axons 
noted at a particular survival period also de- 
pends on the thickness of the histologic section 
and the observer’s criteria. The staining 
method will probably not influence the shape 
of the curve but might shift it forward or 
backward in time. Van Crevel’s results were 
obtained from eosin methyl blue staining while 
ours were from silver carbonate impregnation. 

One might be tempted to extrapolate the 
proximal end of the curve, but we have in- 
sufficient data for survival periods of less than 
six weeks. Axon degeneration cannot be de- 
tected in silver-impregnated slides until sever- 


Fig. 11. The junctional zone of the gliotic 
pyramid (below) and the medial lemniscus 
(above), showing infiltration of lemniscal 
fibers for a short distance into the pyramidal 
field. The animal had survived for one year 
after hemidecortication (Fig. 12). Silver 


carbonate 
section 


impregnation, 174 thick-frozen 


al days after cerebral lesions have been in- 
flicted. 

In Figure 9, an artifact is introduced in 
plotting the time rate of axon degeneration 
from area 4, because the number of axons 
completely or recognizably degenerated was 
slightly more at six months than at one year. 
This discrepancy can be explained in several 
ways. It can be imputed to sampling error, 
to differences in size of the cortical lesions, or 
to the rapid rate of degeneration of the large 
axons (a rate so rapid that, at six months, the 
process is nearly complete). 

The number of animals in the various 
groups is too small to enable us to verify 
differential time rates of degeneration based 
solely on our data. Moreover, the time rate 
of axolysis might be influenced by the number 
and juxtaposition of degenerating axons in a 
tract. 

Animal 34, (Table 2), represented by the 
+ in Figure 9 at X = 26, Y = 69.7, is an- 
other discrepant result. Although many axons 
had degenerated in the right pyramid, the 
pyramid was still larger than the normal side. 
This was the only animal of those surviving 
twenty-six or more weeks in which the de- 
generating pyramid was larger than the nor- 
mal side. Animal 34 must have had a great 
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excess of axons in the right pyramid before 
operation. 

Regarding noncortical pyramidal axons, con- 
sider the observations on animals surviving for 
one vear. after hemispherectomy or mesen- 
cephalic crusotomy. In both operations, all 
descending axons could be considered inter- 
rupted. Yet on combining the 5 hemispherec- 
tomies and 2 crusotomies, the mean number of 
axons remaining at one vear is 1.4% of the 
total. These remaining axons are found almost 
exclusively at the dorsal margin, a few lemnis- 
cal fibers infiltrate the pyramidal border (Figs. 
11 and 12). Medially, some fibers of the raphe 
appear within the pyramidal area. Laterally, a 
few of the periolivary fibers intermingle with 
pyramidal fibers. 

While the boundary is fairly sharp, it must 
be defined in normal animals by the limit of 
thin fibers of the pyramidal system, or in other 
animals by the margin of degenerating fibers 
or gliosis. The few extraneous fibers around 
the pyramidal margins constitute the 1.4% 
of remaining fibers. Correction for these fibers 
was not made in the tables. In the depth of 
the pyramid, the field is virtually free of intact 
axons (Figs. 12 and 13). 


Fig. 12. The amorphous gliotic background 
and axonal debris in the depth of a pyramid 
from an animal surviving 1 year after hemi- 
decortication (same animal as in Figure 11). 
In contrast to the pyramidal border depicted 
in Figure 11, no preserved axons are pres- 
ent in this field. Compare with Figure 13 
for appearance of the normal pyramid. Sil- 
ver carbonate impregnation, 17,4 thick- 
frozen section 


NEUROLOGY 


Fig. 13. The normal pyramid of the monkey 
taken at a site corresponding to Figure 12, 
but on the normal side. Silver carbonate 
impregnation, 174 thick-frozen section 


We do not consider the remaining axons 
to be an ascending system. If an ascending 
system is present, it degenerates after hemi- 
spherectomy or crusotomy. We are now study- 
ing the problem of ascending fibers, and pre- 
liminary results suggest that if any ascending 
fibers present, they are quantitatively insignifi- 
cant for purposes of this study. 


DISCUSSION 


This study of the cortical origin of the 
pyramidal fibers cannot completely resolve 
whether small contributions possibly arise from 
the frontal pole, temporal lobe, and occipital 
lobe. The goal of the experiment, originally 
conceived in 1953, was to find the origin of a 
large number of fibers. Consequently, the ex- 
perimental design and statistical procedures 
were oriented to that purpose. 

In all of the one-year survivors in the 3 
groups under discussion, the animals had a 


= 
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mean right-left ratio toward the lower end of 
normal but missed reaching statistical signifi- 
cance at the 0.5 level. (The t scores for these 
groups were computed using the right-left 
ratios in 15 normal monkeys previously re- 
ported** and in 1 additional animal, Number 
58, Table 2.). With only 1 to 3 animals in a 
group, statistical insignificance provides little 
comfort. 

Of more concern than the statistical data is 
the observation that in most of these speci- 
mens, except for the occipital lobectomies, the 
pyramid ipsilateral to the cerebral ablation 
had a few definitely degenerating large- or 
medium-sized fibers. To check the validity 
of this observation, although it was originally 
made while enumerating the axons without 
knowing the right or left pyramid, the sections 
of pyramids from animals subjected to tem- 
poral lobectomies or ablations of the frontal 
pole were again inspected at random. Pyra- 
mids were scanned under oil immersion and an 
appraisal made of the presence or absence of 
axonal degeneration. 

In 10 of the 14 animals, the observer could 
identify the side of the cerebral ablation by 
the preponderance of degeneration. This de- 
cision was based in each case on fewer than 
10 identified degenerating fibers in the entire 
pyramid. In 3 animals, the number of degen- 
erating fibers was the same in both pyramids, 
and the observer could not decide the side 
of operation. In 1 animal of the 14, the ob- 
server selected the control pyramid as having 
more degenerating fibers. We have reported 
that a few degenerating fibers are sometimes 
found in “normal” monkeys.*+ 

How does one appraise these results? Using 
statistical and observational evidence, we con- 
sider that the occipital lobe probably can be 
eliminated as a source of pyramidal axons. If 
a very few axons straggle from the occipital 
lobe into the pyramid, we wonder whether 
they constitute connections of anatomic or 
functional significance. The very meager pyra- 
midal degeneration after ablation of the fron- 
tal pole or temporal lobectomy might repre- 
sent a frontal or temporal lobe projection sys- 
tem, but pathogenic factors seem to offer a 
preferable explanation for fiber degeneration. 

After removal of large parts of the brain, 
the remaining tissue shifts to fill in the defect, 
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and the ventricle enlarges. This shift of the 
brain might by itself cause enough torsion to 
account for degeneration of a few axons. Of 
necessity, operations on the temporal lobe and 
frontal pole involve tampering with the an- 
terior and middle cerebral arteries or their 
branches. The possibility of secondary lesions 
in the paracentral areas arises and is confirmed 
in Table 2. This table shows that in 3 animals 
with the frontal poles removed—an_ opera- 
tion affecting middle and anterior cerebral 
arteries—small foci of cell loss occurred in 
the precentral cortex. In animal 8, this damage 
was extensive enough to reject the animal 
from inclusion in the final analysis. In none 
of the parietal decortications or occipital lobec- 
tomies was the precentral cortex similarly af- 
fected, except questionably as noted in Table 
2. In the parietal and occipital operations, the 
surgeon manipulates the vessels only after they 
have already swept back past the frontal lobe. 

Another pathogenic mechanism was the 
survival of the animals for weeks or months 
with skull defects. Yet they raced around their 
cages and were captured, sometimes traumati- 
cally, for examination. The possibility of direct 
brain injury must be considered. 

As a final, albeit negative, argument, all 
axons can be accounted for as arising in para- 
central areas. We suspect that the very slight 
axon degeneration occurring after ablation of 
the frontal pole or temporal lobectomy de- 
pends on secondary pathogenic factors af- 
fecting the paracentral areas. 

Removal of each of the 3 pyramidal pro- 
jection areas of the cortex (area 6, area 4, or 
the parietal lobe) has a different effect on the 
axon content of the pyramid. On random 
slides, animals subjected to decortication of 
area 4 are always recognizable. The pyramid 
shrinks considerably in size, and almost all the 
largest fibers have degenerated. The relative 
loss of large axons after destruction of area 4 
is well known. 

Separation of animals subjected to decorti- 
cation of area 6 from the animals having pa- 
rietal decortication is less certain but usually 
can be done. The loss of smaller fibers is rela- 
tively greater after either type of operation 
than after decortication of area 4, and the 
large axons are relatively preserved. After 
parietal decortication, however, fiber loss is 
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Fig. 14. A comparison of the right and left 
pyramids in a monkey surviving for one 
year after decortication of the right parietal 
lobe. Although the right pyramid is smaller 
than the left, few observers would estimate 
that this pyramid has suffered a very signifi- 
cant depletion of axons. Yet the count show- 
ed that the right pyramid has only 54% as 
many axons as the left! Silver carbonate im- 
pregnation, 17» thick frozen section 


greater in the lateral third of the pyramid than 
in the medial part, yet all parts are affected. 

We should like to emphasize strongly that in 
animals surviving one year after decortication 
of area 6 or the parietal lobe, loss of axons is 
about 40% of the total. Yet on simple inspec- 
tion of the pyramids, one gets little impression 
of the magnitude of axon loss. In fact, care- 
ful inspection is necessary even to pick out 
the abnormal side (Fig. 14). Presence or ab- 
sence of gliosis is of little help, because large 
numbers of small axons dispersed throughout 
a field can degenerate without inciting a con- 
spicuous degree of gliosis. Unless axonal pop- 
ulations are enumerated, the investigator who 
relies on subjective appraisal must accept the 
possibility of errors in the range of 30 to 40%. 
Errors of this magnitude may often have been 
made in the past, both in animal and human 
work. This conclusion is further emphasized 
by Schwarz and Liu.** Analyzing a medulla 
from a patient who died with familial spastic 
paraplegia, they found on enumeration that 
perhaps 50% of the fibers were absent, “Yet 
microscopically the pyramid gave no indica- 
tion of such a loss of fibers in its low-power 


NEUROLOGY 


appearance. . . .” These observations indicate 
that no previous studies based on subjective 
evaluation of the number of pyramidal fibers 
can be considered veridical. 

In general, we support Mettler’s more re- 
cent views on the cortical origin of the pyra- 
midal fibers*® but note one sharp discrepancy. 
He states that after removing area 4 and al- 
lowing sufficient time, six months or so, for 
degeneration to be complete, no myelinated 
fibers remain in the medullary pyramids.*.?° 
All our monkeys subjected to decortication of 
area 4 had many myelinated fibers remaining 
in the affected pyramid. That the myelin 
sheaths are intact and normal is shown by their 
preservation in cross and longitudinal sections. 
That they surround normal axons is cor- 
roborated independently by Luxol Fast Blue 
counterstain of some silver-impregnated sec- 
tions. The discrepancy between our results 
and Mettler’s seems best explained by the dif- 
ference in staining technics. We used a variant 
of Spielmeyer’s frozen section method and dif- 
ferentiated cautiously, whereas Mettler used 
Weigert’s method in preference. He states 
that false positive results are obtained with 
short survival times from some myelin stain- 
ing technics. Yet some of our animals lived 
for one year, and a false positive result seems 
impossible. 

To extend our statements regarding the ef- 
fect of various operations on the fiber content 
of the pyramids is unjustified without quanti- 
tative data. As judged by light microscopy, 
about 40% of the pyramidal axons are unmye- 
linated.** Knowledge of the relative origins 
of myelinated and unmyelinated fibers would 
be valuable. However, sizing and enumeration 
is another project and cannot be determined 
by inspection alone. Large numbers of mye- 
linated fibers remain after removal of any one 
of the pyramidal projection areas (area 6, 
area 4, or the parietal cortex), but they all 
disappear after hemidecortication. 

In conclusion, we will explicitly state some 
assumptions which, if proved wrong, might 
alter the conclusions. When assumptions are 
so stated, the converse of the assumptions and 
their corollaries become obvious and, where 
tenuous, can be subjected to a validation 
study. For example, the earlier opinion that 
degeneration of fibers was complete within 
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several weeks has interfered with determining 
the origin of pyramidal fibers since the be- 
ginning of research on the problem. 

The basic assumptions of this study are 
as follows: 

1] We accept the neuron doctrine and the 
concept of Wallerian degeneration that an axon 
separated from its cell of origin inevitably 
degenerates. 

2] We know of no evidence that axons 
branch and continue as longitudinal fibers 
in the pyramidal system. 

3] We assume that each axon arises inde- 
pendently from a single neuron. 

4] We assume that our silver impregnation 
and counting methods reveal all the axons, and 
that the population estimates are highly cor- 
related with the real values. This assumption 
might be invalidated by such methods as 
electron microscopy. If submicroscopic axons 
are present, all our conclusions will have to be 
prefaced by, “Of the axons visible with light 
microscopy. . . .” 

5] We consider that the pyramid contra- 
lateral to the cerebral ablation is suitable to 
use as a paired control. 

6] We assume that axons destined for the 
pyramid run directly toward their destination, 
rather than sweeping backward or forward into 
other cortical fields. The earlier idea that 
fibers swept back from area 6 to area 4 before 
entering the capsule was controverted by 
Krieg’s work, when he found the fibers to form 
direct descending “albal stalks.” ** But a note 
of caution is in order: Krieg used only the 
Marchi stain. 

7] We have assumed that cytoarchitectural 
regions of the brain have relevance to the 
problem of pyramidal tract origin. Whether 
this frame of reference will prove to be fruit- 
ful in the future can be questioned. Certainly 
some physiologically determined areas, such as 
the supplementary motor area, ignore the 
known cytoarchitectural boundaries, and in 
the cerebellum impressive localization or “rep- 
resentation” is present in the face of a monot- 
onous cytoarchitecture. 


SUMMARY 


Seventy Macaca rhesus monkeys were sub- 
jected to partial unilateral cerebral ablations 
or hemidecortication. From  silver-impregnat- 
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ed sections, the number of pyramidal axons 
remaining after various time intervals was 
estimated by a statistically sound sampling 
method. The pyramid contralateral to the cere- 
bral ablation served as a paired control. The 
number of pyramidal axons was determined 
without the observer knowing the type of 
operation performed, and nonoperated controls 
were randomly included. The cytoarchitectural 
accuracy of the cerebral lesions was estimated 
without knowledge of the condition of the 
pyramid. 

Axolysis of pyramidal fibers in the monkey 
requires six to twelve months to approach 
completion. The curve of axolysis seemed to 
follow the familiar exponential law of decay. 

On the basis of animals surviving one year 
after operation, we conclude that all or virtual- 
lv all descending pyramidal axons arise in area 
6, area 4, and the parietal lobe. Insofar as the 
surgeon’s eye and hand and the light micro- 
scope can define cytoarchitectural areas, ap- 
proximately 29% of the descending pyramidal 
axons arise in area 6, 31% in area 4, and 40% 
from the parietal lobe. 

On observational and statistical grounds, the 
occipital lobe probably can be eliminated as a 
source of pyramidal fibers. As a consequence 
of temporal lobectomy or ablation of the fron- 
tal pole, a few degenerating axons can be 
found in the ipsilateral pyramid. The fiber 
loss is not significant statistically, but because 
of the small number of animals, statistical in- 
significance is insecure evidence. These few 
degenerating fibers appear to result from in- 
volvement of the paracentral areas by second- 
ary pathogenic factors, such as shift of the 
brain or operative interference with the ante- 
rior and middle cerebral arteries, but small 
contributions from the temporal lobe or fron- 
tal pole cannot be completely excluded. 

After hemidecortication, 1.32% of axons in 
the pyramid remain in animals surviving for 
one year. A similar number of axons survive 
complete mesencephalic crusotomy. These ax- 
ons are grouped almost exclusively at the mar- 
gins of the medullary pyramids. They would 
appear to represent merely the degree of in- 
termingling of pyramidal fibers with surround- 
ing tracts, rather than an ascending system. 
Within the depths of the pyramid proper, 
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degeneration of longitudinal axons is virtually 
100% complete at one year. If an ascending 
system is present, it degenerated retrogressive- 
ly after hemidecortication or crusotomy. 


The number of axons in a pyramid cannot 


be defined accurately by simple inspection. 
Although 30 to 50% of the fibers may be miss- 
ing, the pyramid may look nearly normal on 
inspection. The inaccuracies of subjective ap- 
praisal, inadequate histologic methods (partic- 
ularly reliance on the Marchi technic or re- 
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trograde degeneration), and failure to recog- 
nize the slow rate of axolvsis explain the fail- 
ure of previous anatomic studies to define the 
major cortical fields of origin for the pyramidal 


fibers. 
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Effect of adrenocortical hormones 


on evoked potentials in the brain stem 


Shaul Feldman, M.D., Jack C. Todt, M.D., and 
Robert W. Porter, M.D., Ph.D. 


IN RECENT YEARS, considerable attention has 
been focused upon the interrelationships of 
the central nervous system and _pituitary- 
adrenocortical activity.':* Of particular inter- 
est, from a clinical standpoint, has been the 
effect of adrenocortical hormones upon nor- 
mal and abnormal function of the brain. The 
widespread use of the corticoids for various 
conditions and the frequent side effects have 
emphasized the marked changes in excitability 
of the nervous system attendant upon their use. 
Numerous reports have appeared in the 
literature on the effect of ACTH and cortisone 
on the electroencephalogram in patients suf- 
fering from various diseases not related to the 
nervous system.*-> The most significant change 
found in these studies was a slowing of the 
cortical activity, accompanied sometimes by 
paroxysmal bursts and increased sensitivity to 
hyperventilation and photic driving. In epi- 
leptic patients, increased incidence of electro- 
encephalographic abnormality was reported 
well.5© Furthermore, these hormones 
induced seizures and even status epilepticus 
and death in patients with no previous history 
of epilepsy who were receiving treatment for 
an underlying disease process which does not 
produce epileptic attacks.*-? Mental changes 
leading sometimes to frank psychosis in pa- 
tients receiving adrenocortical therapy, which 
are reversible upon the withdrawal of therapy, 
have been documented by many observers.'? 
The occurrence of electroencephalographic al- 
terations, convulsions, and mental changes, 
similar to those observed after adrenocortical 
therapy, have been reported occasionally in pa- 
tients suffering from Cushing’s syndrome.® 
These clinical observations on the increased 
excitability of the central nervous system dur- 
ing adrenocortical therapy are corroborated 


by animal experiments.’ By the electroshock 
threshold technic in rats, it has been demon- 
strated that cortisone and hydrocortisone 
markedly increased brain excitability and that 
the DOCA-elevated seizure threshold could 
be lowered by ACTH, cortisone, hydrocorti- 
sone, and adrenocortical extract.1' In dogs, 
cortisone and ACTH decreased the threshold 
for seizures and increased the incidence of 
convulsions produced by electrical stimulation 
of the cerebral cortex.'2 Furthermore, ACTH 
and cortisone were found to increase the 
sensitivity to Metrazol in rats'* and to decrease 
the time of onset and increase the severity of 
“agene”-induced seizures in dogs." 

It is the purpose of the present investigation 
to describe the effect of administration of 
ACTH, hydrocortisone, and adrenocortical 
extract on the evoked potentials in the brain 
stem from peripheral stimulation in intact and 
adrenalectomized animals. 


METHODS 


Experiments were performed on 38 cats 
weighing 2.5 to 4 kg. After the necessary 
surgical procedures were done under ether 
anesthesia, all exposed wound margins and 
pressure points were infiltrated with procaine. 
Animals were immobilized with gallamine tri- 
ethiodide (Flaxedil) and maintained on arti- 
ficial respiration. Evoked potentials from 


From the Departments of Medicine (Neurology) and Anat- 
omy, School of Medicine, University of California at Los 
Angeles, and the Surgical Service, Neurosurgical Section, 
Veterans Administration Hospital, Long Beach, Calif. 

This study was supported by grants M-2482 and 2M-6415 
from the National Institute of Mental Health. 

Dr. Feldman is now with the Department of Nervous Dis- 
eases, Hadassah University Hospital, Jerusalem, Israel. Dr. 
Todt’s present address is 4010 Sepulveda Boulevard, Tor- 
rance, Calif. 


109 


4 


110 


25 Hydrocort. injectec 


Fig. 1. Effect of intravenous injection of 25 mg. 
centralis lateralis of thalamus. Increase in evoked 
injection. 


stimulation of the contralateral sciatic nerve 
were recorded from concentric stainless steel 
electrodes introduced stereotaxically into the 
medial lemniscus, midbrain reticular forma- 
tion, different regions of the hypothalamus, 
and the intralaminar nuclei of the thalamus. 

The sciatic nerve was stimulated with single 
shocks of 2 to 3 volts for 0.01 or 0.1 msec. 
duration (above threshold for complete mani- 
festation of response), through silver elec- 
trodes, by means of a Grass S4-A stimulator 
with its isolation unit. Recordings were made 
monopolarily with respect to an_ indifferent 
reference electrode in the wound margin using 
Tektronix type 122 low level preamplifiers, a 
Dumont 322 double-beam cathode ray oscillo- 
scope, and Fairchild camera. After the 
evoked potentials were obtained and photo- 
graphed during an adequate control period, 
various pituitary-adrenal hormones were given 
intravenously, and their effect upon the evoked 
response was studied for four hours. 

An additional 6 cats weighing 2.5 to 3 kg. 
were totally adrenalectomized under pento- 
barbital anesthesia one week before the ex- 
periment and were maintained on their usual 
diet plus saline and cortisone, 2 mg. per kg. 
daily. In these cats, the effect of hydrocorti- 
sone on the evoked potentials was observed. 

At the end of each experiment, the brain 
was fixed in formalin and all electrode place- 
ments were localized histologically. 
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RESULTS 


The evoked potentials investigated in the 
hypothalamus, midbrain reticular formation 
and intralaminar nuclei of the thalamus were 
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of hydrocortisone on evoked potentials in nucleus 
potentials can be seen within ten minutes after 


usually monophasic negative waves (rarely 
biphasic), with latencies ranging between 15 
and 40 msec. The evoked potentials in the 
medial lemniscus were recorded as_ biphasic 
positive-negative (sometimes monophasic neg- 
ative) waves, with latencies between 6 and 
8 msec. 

Five to fifteen minutes after the intra- 
venous injection of hydrocortisone (25 mg. as 
phosphate-buffered sodium succinate; Solu- 
Cortef), an increase was first noticeable in 
the amplitude of the evoked potentials in the 
hypothalamus, intralaminar nuclei of the 
thalamus (Fig. 1), and midbrain reticular for- 
mation in 18 of 20 cats tested. Thirty to sixty 
minutes after the injection, the potentials 
reached their maximum amplitude (increased 
100 to 150%) and were still increased two or 
three hours after the injection (Fig. 2). 

The same phenomenon was observed when 
the hormone was infused in saline (25 mg. in 
100 cc. of normal saline injected over a forty- 
five- to sixty-minute period). During the in- 
fusion, there was a progressive increase in 
the amplitude of the negative wave in the 
hypothalamus, reticular formation and _thala- 
mus. Little change was noted in the initial 
positive wave of the lemniscal potential, which 
represents the arrival of impulses at the re- 
cording electrode, but there was a small in- 
crease in the negative wave that followed 
(Fig. 3). 

After the injection of 10 cc. of adrenocortical 
extract (equivalent to 1 mg. of hydrocortisone) , 
a transient phase of depression of the reticular 
and hypothalamic potential lasting ten to 
fifteen minutes was noted in 5 of 8 cats, al- 
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though this was not seen in the lemniscal po- 
tential. A possible factor which may have been 
partially responsible for this depression in 
the evoked potentials was the ethyl alcohol 
(10%) incorporated as a vehicle in the hor- 
monal solution. However, injection of the ve- 
hicle solution alone did not induce this differ- 
ential suppression in an additional 3 experi- 
ments. After recovery of the response in fifteen 
to thirty minutes, there was a consistent in- 
crease in the reticular and hypothalamic po- 
tentials, while the positive component of the 
medial lemniscus response was practically un- 
changed (Fig. 4), as noted previously with 
hydrocortisone. 

Administration of ACTH caused a similar 
increase in the amplitude of evoked potentials 
within two hours after the injection (10 mg.) 
or the beginning of the infusion (10 mg. in 
100 cc. of normal saline injected over forty-five 
to sixty minutes) in 7 cats. This was usually 
followed by a decrease in amplitude two to 
three hours later (Fig. 5). 
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Fig. 2. Graphic representation of 3 separate 
experiments showing per cent increase in 
amplitude of evoked potentials in recticular 
formation (RF) and hypothalamus (HYP) 
during four hours after injection of ACTH 
and hydrocortisone. An increase of much 
smaller magnitude is noted in negative wave 
of medial lemniscus response (LM). 


180 min. 


50 msec 


Fig. 3. Effect of an infusion of 25 mg. of hydrocortisone on evoked potential in medial lemnis- 
cus (LM) and midbrain reticular formation (RF). In medial lemniscus, there is almost no change 
in positive wave (downward deflection) but a definite increase in negative component (up- 
ward deflection). A much greater increase is seen in negative wave recorded from midbrain 


reticular formation. 
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Fig. 4. Effect of 10 cc. of adrenocortical extract on evoked potentials in anterior hypothalmus 
(HYP) and medial lemniscus and reticular formation (LM-RF) recorded by the same electrode 
situated between the two structures. After injection, there is attenuation of hypothalamic aud 
reticular responses with lemniscal response remaining unchanged. After recovery, hypothalamic 
and reticular potentials are increased over control levels. 
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Fig. 5. Effect of injection of ACTH on evoked potentials in medial (upper channel) and lateral 
(lower channel) areas of anterior hypothalamus. Two hours after injection, there is increase in j 
evoked potentials. 
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Adrenalectomized cats were allowed to re- 
cover fully before they were subjected to acute 
experimentation. An abnormality that was con- 
sistently noted in these animals was their in- 
creased susceptibility to ether anesthesia, as 
manifested by a shortened induction period. 
After the injection or saline infusion of hydro- 
cortisone, there was a marked increase in the 
amplitude of evoked potentials in the hypo- 
thalamus and reticular formation similar in 
magnitude to those in the previously described 
normal animals. Constant monitoring of ar- 
terial pressures indicated that these potential 
increases occurred independently of changes 
in blood pressure. These observations suggest 
then that this effect of hydrocortisone in 
adrenalectomized animals was not secondary 
to the saline infusion or to fluctuations in 
blood pressure. 


COMMENT 


The present investigation indicates that 
hydrocortisone, adrenocortical extract, and 
ACTH have a definite effect upon the evoked 
potentials in the mesencephalic reticular for- 
mation, the hypothalamus, and the intralaminar 
nuclei of the thalamus and much less effect 
upon the specific sensory pathways. This in- 
crease in the amplitude of evoked potentials 
was observed a few minutes after the adminis- 
tration of hydrocortisone but not until two 
hours after the injection of ACTH. The latter 
effect presumably can be attributed to the 
secondary secretion of hydrocortisone, which 
has been found to be the main hormone put 
out by the adrenal cortex of the cat.’> This 
effect of adrenocortical hormones on_ the 
evoked potentials at the brain stem level sug- 
gests that these hormones do not have their 
primary effect on conduction of impulses in 
the laterally placed sensory pathways but 
rather upon the multisynaptic systems of 
neurons extending through the central part of 
the midbrain and diencephalon, which are 
known to play an important role in mechanisms 
of consciousness,'® mental stability,’’ and vis- 
ceral and endocrine regulation,'*"° as well as 
regulation of the electrical activity of the brain 
in the normal state and in centrencephalic 
epilepsy.°° One may wonder, therefore, about 
the possible relationship between the changes 
in the evoked potentials in the central brain 


stem structures from peripheral stimulation 
after administration of adrenocortical hormones 
and the mental changes, electroencephalo- 
graphic alterations, and occasional convulsions 
observed in patients during adrenocortical 
therapy. 

The possible mechanisms responsible for 
the increased excitability of the central 
nervous system as a result of administration of 
adrenocortical hormones in patients and ex- 
perimental animals have been discussed by a 
number of observers.'-*:*-'° In acute experi- 
ments in rats, lowering of the electroshock 
threshold after hydrocortisone administration 
was shown to correlate with increased intra- 
cellular brain sodium concentration 24 How- 
ever, chronic administration of hydrocortisone 
and cortisone, which produced the same 
change in brain excitability, did not alter the 
brain electrolyte metabolism.’' Recently, it 
has been suggested that the depletion of 
gamma-aminobutyric acid (GABA), which 
seems to have an inhibitory action on the cen- 
tral nervous system, is related to the increased 
brain excitability with hydrocortisone admin- 
istration.' Review of the reported clinical cases 
clearly indicates that, in most patients, there 
was no correlation between the occurrence of 
electroencephalographic abnormalities or 
convulsions and secondary metabolic changes 
related to adrenocortical therapy. In fact, 
status epilepticus has been reported to occur 
at widely varying times in the course of 
therapy and while relatively small doses were 
being used.’ It may be of interest to mention 
also that no correlation could be found in 
different studies between metabolic alterations 
and mental changes during adrenocortical 
therapy.'° 

Increase in the amplitude of the evoked 
potentials suggests lowering of the threshold 
for synaptic transmission and, consequently, 
involvement of more individual units in the 
response. An increase in the negative potential, 
which represents the postsynaptic wave, has 
been observed after administration of small 
amounts of convulsive drugs.*? Furthermore, 
the amplitude of evoked local negative poten- 
tials in the cortex of monkeys correlated direct- 
ly with epileptogenesis in all areas.?* 

Since a satisfactory explanation for the in- 
volvement of the central nervous system du- 
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ing adrenocortical therapy is lacking, a tenta- 
tive hypothesis—that these hormones have a 
direct effect on diencephalic structures—was 
advanced on the basis of clinical and experi- 
mental observations. The present demonstra- 
tion of increased excitability in the centren- 
cephalic structures after the administration of 
adrenocortical hormones would indicate that 
these hormones may indeed affect the central 
nervous system through their action on the 
brain stem. The short delay between the ad- 
ininistration of hydrocortisone and increase in 
the amplitude of the evoked potentials, which 
may be attributed to the passage of the hor- 
mone through the blood-brain barrier, prob- 
ably will exclude any secondary mechanisms 
responsible for this manifestation. However, 
the persistence of the phenomenon for two or 
three hours after administration of the hor- 
mone may in part be related to changes in 
intracellular electrolytes and GABA concen- 
tration in the brain, as suggested by Wood- 
bury.' 

Circulating adrenocortical hormones have 
been proposed to have a regulatory effect on 
ACTH secretion through their actions on the 
hypothalamus.'*-** Although the present study 
does not bear directly on this matter, it does 
give additional evidence that indicates a di- 
rect effect of adrenocortical steroids upon 
central nervous system function. Conceivably, 
then, such reciprocal hormonal effects could 
influence the excitatory and inhibitory mech- 
anisms which are believed to regulate the re- 
lease of ACTH. 


SUMMARY 

The effects of hydrocortisone, adrenocortical 
extract, and ACTH on the evoked potentials 
in the midbrain reticular formation, hypothala- 
mus, intralaminar nuclei of the thalamus, and 
medial lemniscus were examined. The effect of 
hydrocortisone on the evoked potentials in the 
reticular formation and hypothalamus was 
observed and studied in adrenalectomized cats 
as well. 

The adrenocortical hormones caused an in- 
crease in the negative potentials of the multi- 
synaptic brain stem systems in intact and 
adrenalectomized animals shortly after their 
administration. On the other hand, there was 
almost no change in the positive evoked po- 
tential of the lemniscal response. ACTH 
caused an increase in the evoked potentials 
two hours after its administration, presum- 
ably because of secondary secretion of hydro- 
cortisone. 

The possible relationship of these experi- 
mental findings to the occurrence of diffuse 
electroencephalographic abnormalities, epi- 
leptic seizures, and mental changes in pa- 
tients undergoing adrenocortical therapy is 
discussed. It is suggested that these disturb- 
ances may be due to the direct effect of 
adrenocortical hormones on the centrally situ- 
ated multisynaptic reticular systems in the 
midbrain and diencephalon which are known 
to be concerned with regulation of the elec- 
trical activity of the brain, as well as with 
mechanisms of epilepsy, consciousness, and 
mental function. 
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Further studies of neurohumoral agents 


in patients with vascular headaches 


Robert W. Kimball, M.D., and Arnold P. Friedman, M.D. 


It 1s RECOGNIZED that the mechanism of pro- 
duction of the migraine type of vascular head- 
ache comprises vasodilation and other physio- 
logic factors. Recent studies suggest that cer- 
tain neurohumoral substances may play a part 
in modifying the circulatory equilibrium as 
well as locally modifying the diameter, perme- 
ability, tonus, and pain threshold of the intra- 
and extracranial arteries. 

This report is part of a continuing study to 
determine what occurs in the migraine patient 
after the use of 4 types of neurohumoral sub- 
stances which have a function in the neuro- 
circulatory system: serotonin, acetylcholine, 
norepinephrine, and histamine. In addition, 
we have studied the effects of adenosinetri- 
phosphate, which provides energy for the 
synthesis of acetylcholine in the nervous sys- 
tem. We have reviewed the pertinent studies 
of other investigators and wili discuss their 
results in relation to our findings. 

SUBJECTS 

The present study was conducted at the 
Montefiore Hospital Headache Unit, with 16 
otherwise healthy migrainous patients selected 
by the criteria of our previous study.’ Patients 
were between the ages of 24 and 60. In all 
cases, complete physical and neurologic ex- 
aminations, complete blood count, urinalysis, 
chest and skull films, and electroencephalo- 
gram were within normal limits. The study 
was divided into 2 parts: one with patients in 
a headache-free interval and one with patients 
during headache. 


METHODS 


Headache-free period. Serpasil, 2.5 mg. sub- 
cutaneously, was given to 6 headache-free pa- 
tients, who were then observed over an eight- 
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hour period; 4 of these patients were given (in 
a separate experiment) 1.2 mg. of Serpasil 
subcutaneously and were similarly observed. 

Dibenzyline, 10 to 20 mg., was given to 4 
headache-free patients by slow intravenous in- 
fusion. The dose of the drug in each case was 
that amount just sufficient to produce postural 
hypotension. During the infusion, patients 
were maintained in semireclining position, and 
pulse and blood pressure were observed at 
five-minute intervals. 

Histamine, 0.05 mg. as histamine phosphate 
in 1 ce. of normal saline, was given to 16 pa- 
tients in headache-free periods, who were ob- 
served for periods of one to three hours. 

Adenosinetriphosphate* preparation (ATP), 
50 mg., was given to 16 patients intravenously 
at the rate of about 5mg. per minute; they 
were observed for changes in vital signs and 
subjective symptoms. 

In headache-free periods, 16 patients were 
given 1 mg. of Prostigmin subcutaneously and 
were observed for thirty minutes; they were 
also given 50mg. of acetylcholine subcuta- 
neously and observed for one hour for objec- 
tive and subjective changes. 

Headache period. The group of patients 
with headache were separated into 2 cate- 
gories: spontaneous migraine and migraine in- 
duced by Serpasil. 

Spontaneous migraine. Subcutaneous Pro- 
stigmin and acetylcholine were administered 
to 4 patients with spontaneous headache in 
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the manner described for headache-free pa- 
tients; 2 patients with headache so treated 
were given 0.66 mg. of atropine subcutaneous- 
ly thirty minutes later, and 1 patient received 
subcutaneous acetylcholine alone at the height 
of headache. 

As in the headache-free period, 4 patients 
with spontaneous headache received 50 mg. 
of ATP; 1 patient with Serpasil-induced head- 
ache received 50 mg. of ATP. 

Induced migraine. A patient with Serpasil- 
induced headache received identical doses of 
Prostigmin and acetylcholine and, one and 
one-half hours later, received 2mg. of 5- 
hydroxytryptamine (HT) by slow intravenous 
injection. 

RESULTS 

Headache-free period. In the group of 16 
migrainous patients in headache-free period, 
headache was not induced by Prostigmin, 
acetylcholine, Dibenzyline, histamine, or ATP. 

Induced headache. In all 6 patients given 
2.5 mg. of Serpasil subcutaneously, typical uni- 
lateral headache and marked flush were in- 
duced; 4 patients receiving 1.2-mg. doses be- 
came flushed but did not have headache. Sum- 
mary of subjective and objective responses to 
the several drugs is given in Table 1. 

Spontaneous headache. Of 4 patients with 
spontaneous headache, 3 were relieved of 
pain in a matter of minutes by Prostigmin and 
acetylcholine; 1 patient was relieved by acetyl- 
choline alone, and 3 of 4 patients experienced 
prompt relief of headache with ATP. 

Induced headache. A patient with Serpasil- 
induced headache did not respond to acetyl- 
choline but was relieved by 2mg. of HT 
intravenously. 

Another patient with Serpasil-induced head- 
ache was relieved by 50mg. of ATP intra- 
venously (Table 2). 


DISCUSSION 


Thus far in our investigations, the solution 
of one problem only brings to light others. Al- 
though our results differ from those of other 
workers, the present work suggests strongly 
that a circulating neurohumor cannot account 
for the symptomatology of migraine. Our re- 
sults are so far consistent with the hypothesis 
that migraine attacks are initiated by a de- 


TABLE 1 
DRUGS GIVEN IN HEADACHE-FREE PERIOD 
Number Other 
of Head- = symp- 
Drug patients ache toms Findings 
Prostigmin 16 0 None None 
Acetyl- 16 0 - Flush, 
choline miosis, 
salivation 
Histamine 16 0 Palpitation, Flush, 
dyspnea, tachycardia, 
throbbing tachypnea 
in head 
ATP 16 0 Apprehension, 
dyspnea, 
cough, 
substernal 
oppression 
Dibenzyline 4 0 Somnolence Postural 
hypotension 
Serpasil 4 0 Nausea Marked, 
(1.2 mg.) flush 
Serpasil 6 + Nausea, 
2.5 mg.) vomiting, 
depression 


crease in one or more central neurohumoral 
agents. 

The results of our experiments with sero- 
tonin (HT) are at variance with the report of 
Ostfeld and associates? that HT provokes mi- 
graine. In our earlier study, 5-hydroxytryp- 
tamine (HT) and 5-hydroxytryptophan (5- 
HTP) were shown to interrupt both spon- 
taneous and Serpasil-induced headache. The 
effect, moreover, of HT was uninterrupted by 
blocking agents, for example, BOL (2-bromo- 
lysergic acid diethylamide) and chlorproma- 
zine. 

Some evidence exists that migraine attacks 
are accompanied by release of acetylcholine- 
like substances.’ Jiminez Diaz‘ reported that 
he found evidence, during migraine attack, of 


TABLE 2 
EFFECT OF DRUGS ON HEADACHE 


Spontaneous Serpasil-induced 
Drug headache headache 
Number of Number of 
patients Effect patients Effect 
Prostigmin 4 None 1 None 
Acetylcholine 
an 
Prostigmin 4 3 relieved 1 None 
Acetylcholine 
alone 1 Relieved 
ATP 4 3 relieved 1 Relieved 
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choline esters having acetylcholine properties 
but resistant to cholinesterase. BOL is known 
to inhibit the action of cholinesterase. If 
acetylcholine is responsible for triggering the 
attack of migraine, BOL could be expected to 
aggravate the symptoms of migraine. How- 
ever, our studies have shown that BOL has 
little effect or even slightly ameliorating effect 
on migraine. 

Cholinesterase activity has been found to 
be within normal values among migrainous 
subjects during and between attacks.‘ The 
evidence for a defect in the acetylcholine- 
cholinesterase system is not convincing at this 
time. The effect of acetylcholine in patients 
with spontaneous headache does little to sup- 
port our hypothesis save in a tenuous and neg- 
ative fashion. How this substance exerts its 
apparent therapeutic effect is not clear. Acetyl- 
choline has been shown not to penetrate the 
brain-blood barrier (BBB), but a marked rise 
in brain acetylcholine is produced by cholin- 
esterase inhibitors. The failure of Prostigmin 
to relieve headache is consistent with our ob- 
servation that deanol has no effect on mi- 
graine.* Our observations, which do not sup- 
port the concept of a central site, disagree 
with those of Pfeiffer,° who reports improve- 
ment in migraine in long-term experiments 
with deanol. More extensive acute experi- 
ments with acetylcholine and its precursors 
should help to clarify its position in effecting 
relief of headache. 

Our previous study left unanswered the 
question of the catecholamines’ role in reser- 
pine-induced headache. The effect of norepi- 
nephrine roughly parallels that of serotonin in 
that infusion of norepinephrine relieves head- 
ache’ and adrenergic blockage fails to induce 
headache. Small doses of Serpasil, which may 
be sufficient to deplete the central nervous 
system of norepinephrine but not HT, pro- 
duce vascular effects but no headache. The 
possibility of selective neurohumoral deple- 
tion suggested by animal experiments with 
raunescine requires further supportive evi- 
dence.’ The relative effects of HT and nor- 
epinephrine might be further examined by 
testing the effect of 3-4 dioxyphenylalanine in 
comparison with that of HTP. 

Histamine in the present series has not in- 
duced migraine attacks. This is in agreement 


with experience of one of the authors and 
other investigators.’-'* However, Lecomte! 
reports headache in 25% of subjects receiving 
histamine-releasing agent 48/80, but, since 
the release of histamine is accompanied by 
release of HT and other substances,!* these 
experiments are difficult to evaluate. Further- 
more, Serpasil releases histamine as well as 
HT and quite consistently induces headache. 
Although histamine and HT effects are not 
entirely separable, the evidence seems to in- 
dicate that the latter plays a more crucial role 
in the migraine attack than does histamine. 

More complicated than the effects of the 
neurohumors are those of ATP. ATP may 
exert its influence centrally or peripherally and 
may act directly or through enhancement of 
acetylcholine and like effects. Many aspects 
of ATP in connection with migraine remain 
to be explored. 

The chemically induced headache, as a 
crude approximation to the migraine attack, 
demonstrates that gross relative effects, the 
profound chemical changes, and associated 
central nervous system depression produced by 
Serpasil are far removed from the subtle ten- 
dency to central nervous system depression 
which often accompanies migraine. Central 
nervous system depression is not sufficient to 
account for migraine, for, while headaches are 
often accompanied by depression, ethyl alco- 
hol frequently produces no headache and ata- 
raxics, tranquilizers, and adrenergic blockers 
fail to produce headache. Similarly, the effects 
of stimulants are inconsistent. Quantitative 
changes bring about shifts in the neurohumoral 
balance involving excess or shortage of ace- 
tylcholine, norepinephrine, epinephrine, and 
HT and HT-like substances. It is not possible 
to ascribe the symptoms of migraine or its 
drug-induced paradigm to a change in one 
discreet substance. Several specific agents re- 
main to be studied. 

The monoamine oxidase (MAO) inhibitor 
Nardil (phenelzine) has militated to varying 
degrees against the severity and frequency of 
migraine headache. More impressive than 
Nardil has been the effect of UML-491 
(methyl-lysergic acid butanolamide).!> That 
UML does not exert its protective influence 
by peripheral inhibition of HT follows from 
our experiments with BOL, which presumably 
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acts in a similar manner. It is conceivable that 
UML exerts its influence by MAO inhibition. 
Since UML, BOL, and HT compete for end 
organ sites, there may be similar competition 
for receptor sites in the MAO molecule. It is 
possible that UML exerts its influence at a 
central site, but the fact that, like BOL, it 
lacks the hallucinogenic action of its congener, 
lvsergic acid diethylamide, makes this concept 
questionable. The relationship between the 
HT antagonists, central nervous system stimu- 
lants, and MAO is unclear at present. 

At the present stage of our study of mi- 
graine, evidence has accumulated that none of 
the known neurohumors thus far studied can, 
by virtue of direct vascular influence, initiate 
migraine headache. The study of enzyme 
blocking agents and neurohumoral blocking 
agents suggests directions of broader investi- 
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gation. The relative affinity of neurohumors 
for effector sites and enzyme reaction sites 
offers a possibility of elucidating the complex 
and often paradoxic pathophysiology of mi- 
graine. 


CONCLUSIONS 


1. Peripheral action of none of the neuro- 
humors studied (serotonin, acetylcholine, nor- 
epinephrine, and histamine) induces migraine. 

2. The mechanism whereby the various 
neurohumors reverse headache is uncertain. 

3. The mechanism of serotonin blockers in 
prophylaxis of migraine cannot be explained 
at present. 


The authors wish to express their gratitude to Drs. Joseph 
White, William Jordan, and Richard Bircher for their 
advice and suggestions. 

Schwarz BioResearch, Inc. supplied adenosinetriphosphate 
used in this study as Triphosaden. 


REFERENCES 


1. KimBai, R. W., Frrepman, A. P., and VALLeyjo, E.: 
Effect of serotonin in migraine patients. Neurology 
10:107, 1960. 

. Ostretp, A. M., Cuapman, L. F., H., 
and Wo rr, H. G.: Studies in headache: A y 


w 


from rat brain and intestine by Rauwolfia alkaloids. J. 
Neurochem. 3:352, 1959. 

. FrrepMan, A. P., von Storcn, T. J. C., and Mer- 
nitt, H. H.: Migraine and tension headaches: A 


of evidence concerning a noxious agent active locally 


during migraine headache. Psychosom. Med. 19:199, 
1957. 

3. Kunxie, E. C.: Acetylcholi in the n i of 
migraine headache. Tr. Am. Neurol. A., pp. 62-65, 


1958. 

4. Jimenez Diaz, C., LonENTE FERNANDEZ, L., MARCOS 
Lanzarot, M., and Orteca, A.: Observations on the 
nature and physiopathology of migraine. Internat. 
Arch, Allergy 7:356, 1955. 

5. Frrepman, A. P.: Unpublished observations. 

6. Premrrer, C. C.: International Review of Neuro- 
biology, 1, p. 224. New York, Academic Press, Inc., 
1959. 

7. Ostretp, A. M., and H. G.:  Arterenol 
(norepinephrine) and vascular headache of the mi- 
graine type. Arch. Neurol. & Psychiat. 74:131, 1955. 

8. Kank, N. T., and Paasonen, M. K.: Selective de- 
pletion of noradrenaline and 5-hydroxytryptamine 


linical study of 2000 cases. Neurology 4:773, 1954. 
10. von Srorcn, T. J. C.: Relation of experimental hista- 
mine headache to migraine and non-migraine head- 
ache. Arch. Neurol. & Psychiat. 49:316, 1940. 
11. Horton, B. T.: Hi inic cephalgia: differential 
diagnosis and treatment. Proc. Staff Meet. Mayo Clin. 


31:325, 1956. 
12. Pickertinc, G. W.: Experimental observations of 
headache. Brit. M. J. 1:907, 1939. 


13. Lecomte, J.: Cépahlées provoquées par la libération 
de Vhistamine endogéne. Internat. Arch. Allergy 8:3, 
1956. 

14. SicuTeR1, 


F., §S., and Francui, G.: 


Antagonism between an antiserotonin—the butano- 
lamide of 1l-methyl-lysergic acid—and the effects of a 
histamine-liberating substance 48/80 B.W. 
Internat. Arch. Allergy 15:291, 1959. 

15. FrrepMan, A. P.: Clinical observations with l-methyl- 
lysergic acid butanolamide (UML 491). J. Angiology, 
in press. 


in man. 


Fibrinogen changes in relation 


to cerebrovascular accidents 


F. A. Elliott, M.D., F.R.C.P., and M. Buckell, M.B., Ph.D. 


THe work to be described arose out of a study 
of some of the factors influencing the coagula- 
tion and lysis of blood clots in patients with 
cerebrovascular accidents. It soon became ap- 
parent that in some cases an enormous rise 
in fibrinogen content of the plasma took place 
and that in general the prognosis was poor. 


CASE MATERIAL AND METHODS 


The series was made up of 16 males (8 
Negroes, 7 Caucasians, and 1 Chinese) and 8 
females (4 Caucasians and 4 Negroes). All 
were admitted with a diagnosis of stroke; 7 
were known to have diabetes. No undiagnosed 
diabetes was found among the others. Cases 
4, 5, and 6 had sustained earlier cerebro- 
vascular accidents, while Cases 2, 5, and 11 
had histories and cardiographic evidence of 
previous cardiac infarction. Case 4 had a 
cardiac infarct after admission for his cerebral 
condition. Lumbar puncture was done on all 
patients except Cases 17 and 23. Arteriography 
was not carried out. With the exception of the 
3 cases in which an autopsy was made, the 
diagnoses listed in Table 1 are presumptive. 

The fibrinogen estimations were made by 
Stirland’s' method, a nepholometric procedure 


TABLE 1 


FIBRINOGEN VALUES IN POTENTIAL STROKE 
CANDIDATES 


Number Age Fibrinogen 


Condition of cases (years) (mg. per 100 cc.) 

Hypertension 16 45-71 130-430 
(mean, 58) (mean, 261) 

Hypertension 

and pyelonephritis 8 35,45,59 405,510,300 

Hypertension and 

previous stroke 3 51,56,58 500,370,345 

Diabetes 19 44-71 205-550 
(mean, 60) (mean, 360) 


involving denaturation of the fibrinogen under 
controlled conditions of heating and salt con- 
centration. He gives a normal range of 200 
to 400 mg. of fibrinogen per 100 cc. of plasma, 
a figure with which we agree, though we have 
occasionally found figures as low as 150 mg. 
in young healthy persons. In 7 gases, blood 
samples were obtained daily at the beginning 
of the patient's stay in hospital and then at 
longer intervals. In the remaining patients, 
less frequent determinations were made. Since 
the delay between admission and onset of 
symptoms varied from a few hours to four 
days, the first readings do not always repre- 
sent the same phase of the disease in all sub- 
jects. In order to determine the fibrinogen level 
of persons similar to our own group in age and 
medical background, single determinations 
were made on 41 patients from the hyper- 
tensive and diabetic outpatient clinics. 

Sedimentation rates and hematocrit de- 
terminations were made by the standard Win- 
trobe methods. 


RESULTS 


Fibrinogen values in hypertensive and 
diabetic subjects. Table 1 lists the fibrinogen 
concentrations found in a group of outpatients 
comparable in age and medical background to 
the patients suffering from strokes. 

Patients with cerebrovascular accidents. 
Table 2 shows the range of fibrinogen concen- 
tration found and the outcome of each case, 
arranged in descending order of the maximum 
fibrinogen recorded in each patient. Also 
shown is the final presumptive diagnosis, 
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FIBRINOGEN CHANGES IN CEREBROVASCULAR ACCIDENTS 


TABLE 2 


RANGE OF FIBRINOGEN FOUND IN 24 CASES OF CEREBROVASCULAR INCIDENTS 


Number of Fibrinogen 


No Age estimations (mg. per 100 cc.) Diagnosis Outcome of case 
1 75 3 1,050-1,470 Pontime infarcts (autopsy ) Died on sixth day 
2 61 2 247-1,350 Basilar thrombosis (autopsy ) Died on seventh day 
3 75 18 360-1,100 Middle cerebral infarct Discharged to nursing home 
4 59 2 950-1,094 Basilar thrombosis (autopsy ) Died on nineteenth day 
5 69 8 380-990 Left middle cerebral infarct Died on twenty-third day 
followed by right cerebral 
hemorrhage 
6. 7 2 425-960 Basilar thrombosis Discharged to nursing home 
7. 52 7 330-925 Middle cerebral infarct Discharged to nursing home 
8 60 5 208-915 Middle cerebral infarct Discharged to nursing home 
9 60 2 625-785 Basilar thrombosis Died on eleventh day 
10 61 18 280-770 Middle cerebral infarct Discharged to nursing home 
11 45 16 455-765 Middle cerebral infarct Returned home, ambulant 
12 89 2 478-700 Middle cerebral infarct Died on tenth day 
13 68 2 565-625 Cerebral hemorrhage Discharged to nursing home 
14 55 10 353-588 Middle cerebral infarct Ambulant, to nursing home 
15 67 3 430-575 Middle cerebral infarct Ambulant, to nursing home 
16 60 4 437-533 Middle cerebral infarct Partial recovery 
17 65 1 435 Basilar thrombosis Died on second day 
18 80 13 200-435 Minor brainstorm infarct Good recovery 
19. 74 3 255-380 Middle cerebral infarct Partial recovery 
20. 52 7 164-325 Middle cerebral infarct Partial recovery 
21. 52 2 316-323 Middle cerebral infarct Partial recovery 
22. 46 7 210-315 Middle cerebral infarct Partial recovery 
23. 67 3 220-275 Basilar insufficiency Complete recovery 
24 67 6 148-253 Middle cerebral infarct Partial recovery 


arrived at on the basis of clinical studies and 
the evidence of spinal tap, and confirmed by 
autopsy in 3 of the 7 deaths. 

Of the 12 patients whose fibrinogen reached 
700 mg. per 100 cc. or over, 6 died in hos- 
pital, 4 survived but were quite unable to look 
after themselves, 1 was left aphasic and 
hemiparetic, and 1 recovered sufficiently from 
hemiplegia to get about with the aid of a stick. 

Of the 12 patients with fibrinogen levels 
of 170 to 625 mg. per 100 cc., 1 died early in 
the illness before there was time for a max- 
imum fibrinogen response to develop, 3 (Cases 
13, 14, and 15) were discharged to nursing 
homes because of severe disability, and the 
remaining 8 returned home sufficiently am- 
bulant and dextrous to fend for themselves. 

When serial fibrinogen determinations are 
recorded graphically (see figure), it is seen 
that the maximum fibrinogen levels are reached 
between the fourth and fourteenth days and 
are not directly proportional to either the 
length of time that the peak takes to develop 
or the duration of the elevation. After the 


initial rise of fibrinogen had been observed, 
Case 5 contracted bronchopneumonia; this may 
have influenced the latter half of the graph. 
In Case 6, there were several periods when 
signs of further cerebral damage appeared, 
but the presence of aspiration pneumonia 
made it impossible to say whether successive 
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rises of fibrinogen were due to extension of 
cerebral damage or to the infection. 
Hematocrit values were elevated initially in 
some patients, as was to be expected where 
fluid intake had been severely restricted; how- 
ever, the changes in hydration were never suf- 
ficient to account for the fibrinogen increases 
observed. Thus, the greatest degree of hemo- 
concentration was seen in Case 3, who had last 
been seen by neighbors three days before she 
was brought to the receiving ward; her hema- 


tocrit was 51 on admission and stabilized at 


40 after hydration. 


Sedimentation rates rose as fibrinogen in- 


creased but tended to remain elevated for 
some time after the fibrinogen level had begun 


to fall. 
DISCUSSION 

The changing plasma fibrinogen levels that 
occur with various diseases have been studied 
by a number of investigators; the more recent 
of these studies are summarized in Table 3. 
It will be seen from this that, while cardiac 
infarction has attracted attention, its cerebral 
counterpart has been neglected. 

In our cases, fibrinogen started to rise two 
to four days after onset of neurologic signs, 


TABLE 3 


FIBRINOGEN LEVELS IN DISEASE 


Author 


Disease 


Number Range 


Losner and associates? 


Vaughan, Bayles, and 
Favour® 


Ingram! 


Gilchrist and Tulloch® 


Peterman® 


Volk and associates’ 


Volk and Losner* 


Losner, Volk, and Wilensky® 


Losner, Volk, and Kanof"’ 


Peterman" 


Persson™ 


Losner and Volk™ 


Peterman" 
Phear and Stirland™ 


Persson" 
Reid and Sproull™ 


Sirridge, Bowman, and 
Garber™ 


Steinberg and associates” 


Typhoid fever 
Bronchopneumonia 
Coronary thrombosis 
Rheumatic heart disease 
Rheumatic fever 


Rheumatoid arthritis ( active ) 


Jaundice 
Gross inflammation 
Occlusive arterial disease 


Coronary thrombosis 


Rheumatoid arthritis 

Traumatic knee 

Ankylosing spondilitis 

Mixed arthritis 

Embolism from rheumatic heart 

Bronchopneumonia 

Coronary thrombosis 

Cardiac infarction 

Cardiac infarction 

Cardiac infarction 

Rheumatic fever 

Rheumatoid arthritis and liver 
disease 

Multiple sclerosis 

Chronic epileptic encephalitis 

Chronic neurologic diseases 

Chronic nonneurologic diseases 

Diabetic gangrene 

Cardiac infarction 

Thrombophlebitis 

Cardiac infarction 


Multiple sclerosis and 
thrombophlebitis 
Rheumatic fever 


Multiple myeloma 


Cardiac infarction 


of cases (mg. per 100 cc.) Method 
1 300- 570 Clot density (Losner and 
3 300-1,020 associates? 
2 336- 875 (normal, 210-390) 
1 330- 480 
1 354- 570 
10 470-1,400 Morrison” 
4 450- 810 micro-Kjeldahl or dry weight 
6 570-1,150 (normal, 210-360) 
$2 mean, 668 
4 340- 790 dry clot and micro-Kjeldahl 
18 314-1,442 Ratnoff and Menzie** 
1 maximum 526 (normal, 250-350 ) 
1 maximum 1,200 
5 338-631 
1 248-810 Clot density 
1 408-810 
1 372-786 
2 250-1,300 Clot density 
50 maximum 1,308 
11 232-1,808 
3 200-841 Clot density 
1 maximum 2,200 Ratnoff and Menzie™" 
50 213-641 Gram" 
50 277-683 (normal, 200-360 ) 
50 240-602 
50 298-712 
1 440-1,000 Clot density 
7! 250-1,300 
23 480-1,350 Ratnoff and Menzie*" 
60 Stirland' 
(normal, 200-400 ) 
1 360-550 Ratnoff and Menzie*" 
33 400-1,200 Foster and Whipple** 
(normal, up to 400) 
2 337-519 Biuret 
(normal, 200-600 ) 
12 300-881 Clot density 
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reaching a maximum in four to fourteen days. 
In survivors who had no extension of the lesion, 
or infection, there was a return to approx- 
imately the initial level in twenty to thirty 
days in the 7 cases followed for that length of 
time; 5 of the 6 patients in whom the level re- 
mained within what is usually accepted as nor- 
mal limits had a rise and fall within those 
limits. 

The amount of fibrinogen in the plasma of 
normal persons has usually been found to lie 
within the range of 200 to 400 mg. per 100 
cc. and remains relatively constant. Elevation 
of fibrinogen is a nonspecific response which 
can result from a number of factors, alone or 
in combination, which lead to tissue destruc- 
tion or inflammation. There is a delay between 
the onset of an acute infection and the rise 
in fibrinogen that follows it, and a similar de- 
lay is seen in the response to death of tissue, 
as for instance in myocardial infarction. 
Fibrinogen is produced in the liver, and its 
rise in response to tissue damage is dependent 
on adequate liver function; slight liver damage 
itself produces a rise, while severe liver dam- 
age leads to deficient production and a fall in 
fibrinogen. 

Is the response in the present series sec- 
ondary to the death of cerebral tissue? Other 
factors that might influence the results are 
hemoconcentration, an initially high fibrinogen 
level, dead tissue (embolism or bed sores) 
elsewhere in the body, and infection. Hema- 
tocrit studies show that hemoconcentration 
was not a factor in any of our cases. As re- 
gards a high initial level, the figures derived 
from our diabetic and hypertensive controls 
show that this must be allowed for if only 
single determinations are made. No evidence 
exists that death of tissue elsewhere in the 
body influenced the results in this series. None 
of the patients had any evidence of recent 
coronary occlusion, though Case 4 had a 
cardiac infarct three days after the third de- 
termination had been made; by then, the 
fibrinogen was considerably elevated. None of 
the patients had bed sores or peripheral gan- 
grene, and there was no evidence of visceral 
infarction. 

Infection is almost invariably followed by 
an increased fibrizegen level and is therefore 
the factor most ‘ikely to confuse the picture in 


cases of stroke, where lung and urinary tract 
infections are sometimes difficult to detect. 
The amount of the fibrinogen rise after infec- 
tion appears to vary. In 3 cases of broncho- 
pneumonia, Losner and _ associates* found 
values of 300 to 1,020 mg. per 100 cc.; Volk 
and co-workers? found a range of 408 to 810 
mg. with the same disease, while Kanof, Los- 
ner, and Volk** found “only a moderate rise” 
to occur in children who contracted urinary or 
upper respiratory infections while under ob- 
servation. Apparently, no studies have been 
made of urinary tract or mild respiratory in- 
fection in adults. The fibrinogen level was 
raised in 2 of our 3 cases of chronic nephritis. 
It would therefore seem that only in the ab- 
sence of infection can the fibrinogen changes 
seen after a cerebrovascular accident be re- 
lated with confidence to cerebral damage. An 
increase in fibrinogen over the patient’s own 
initial level was seen during the postictal 
course in 18 of the 20 patients who had no 
complicating pathology; of the remaining 2, 
1 died on the second day of admission before 
further observations could be made and the 
other (Case 21) showed no change in the small 
number of estimations made. The 3 patients 
with infections and the 1 who had a cardiac 
infarct also show a rise and fall, and it is felt 
that the fibrinogen change was established be- 
fore complications could play a part. It ap- 
pears justifiable to conclude that the rise in 
fibrinogen recorded in this series was largely 
due to the presence of cerebral damage. 

A similar type of change is seen after cardiac 
infarction (Table 3). Here the response starts 
sooner. Losner and Volk'* found that the in- 
crease began about twenty-four hours after 
acute coronary occlusion, and all patients had 
a significant rise in fibrinogen by forty-eight 
hours. The peak in their cases appeared in 
four to five days, and, thereafter, the fibrinogen 
gradually decreased to regain its normal level 
at the end of the third week. A secondary rise 
of the fibrinogen occurred in patients who 
had recurrence of symptoms or thremboem- 
bolic phenomena. The authors conclude that 
the maximum fibrinogen level indicates the 
extent of the damage and record a mortality 
of 37.9% (11 of 29) in patients whose fibrin- 
ogen exceeded 800 mg. per 100 cc., compared 
with 8.7% (4 of 46) in patients with a lesser 
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rise. In our cerebral cases, the mortality in pa- 
tients whose fibrinogen was 700 mg. per cent 
or over was 6 of 12, with poor recovery of 
function among the survivors; of those with 
levels below 700 mg. per cent, only 1 of 12 
died and 8 of the remaining 11 made a rea- 
sonably good functional recovery. 

An increased fibrinogen has been cited by 
McDonald and Edgill*® as one of the factors 
contributing to hypercoagulable blood in 
cardiac infarction, but there is no evidence of 
this in the present series. In more than half of 
our cases, the fibrinogen level was within nor- 
mal limits immediately after the onset of neu- 
rologic symptoms, and the progressive rise 
noted in most cases was unattended by further 
thrombotic episodes, except in Case 4, who 
had coronary thrombosis, and Case 6, who had 
2 further cerebral incidents after admission. 

It is clear, however, that a rise of fibrinogen 
above the level of 700 mg. per cent is of serious 
prognostic significance in cases of stroke. 


SUMMARY 

1. Repeated fibrinogen determinations were 
made in 24 patients suffering from cerebro- 
vascular accidents. 

2. In 22, a rise in fibrinogen occurred with- 
in two to four days after the acute episode, in- 
creased to a maximum within four to fourteen 
days, and then slowly fell. 

3. The sedimentation rate rose with the 
fibrinogen but remained elevated after the 
latter had begun to fall. 

4. Of 12 patients whose maximum fibrinogen 
was 700 mg. per cent or higher, 6 died, com- 
pared with 1 out of 12 in whom the level was 
below 700 mg. per cent. 

5. Among the survivors, the degree of func- 
tional recovery was greatest in the low fibrin- 
ogen group. 

The authors thank Miss S. Brittain, A.B., and Miss D. Gretz, 


B.S., for their assistance and the resident staff of the 
Pennsylvania Hospital for their help. 
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Myxedema neuropathy and myopathy 


A clinical and pathologic study 


Stewart N. Nickel, M.D., Boy Frame, M.D., 
Jose Bebin, M.D., Wallace W. Tourtellotte, Ph.D., M.D., 
Julius A. Parker, B.A., and Betsy Ross Hughes, B.S. 


NEUROLOGIC FEATURES play an important role 
in the clinical picture of myxedema. Psycho- 
motor retardation and psychotic behavior have 
been known for many years to be associated 
with myxedema, but recently more profound 
neurologic disturbances including convulsions 
and coma have been described.!-2 In addition, 
lancinating extremity pain and_paresthesias 
have been noted by Crevasse and Logue* in 
patients with myxedema and are ascribed on 
clinical grounds to related peripheral neuro- 
pathy. However, these authors did not find 
objective sensory or motor loss in their pa- 
tients, and peripheral nerve biopsies were not 
available to support this supposition. In a pre- 
vious review! of case records by two of the 
authors, evidence was found that peripheral 
neuropathy does occur with myxedema, with 
subjective sensory complaints out of proportion 
to objective sensory deficits, a situation often 
observed with diabetic neuropathy. However, 
there was little evidence of the objective motor 
weakness or reflex changes characteristically 
seen with peripheral neuropathy. The classic 
myxedema reflex with the prolonged relaxation 
phase is not that found with degenerative or 
inflammatory diseases of the peripheral nerves. 
The present investigation was initiated in an 
attempt to gain additional evidence of the 
presence of peripheral neuropathy with myxe- 
dema and to correlate pathologic changes in 
peripheral nerves, muscles, and spinal fluid 
and serum proteins, especially gamma glob- 
ulin, with neurologic signs and symptoms of 
the disease. 


METHODS AND MATERIALS 


A detailed neurologic examination was car- 
ried out on 25 myxedematous patients. The 
diagnosis of primary myxedema was made on 


the finding of classic symptoms of the disease 
and was supported by laboratory evidence of 
protein-bound iodine of less than 3 y per 100 
ce. of serum or radioactive iodine uptake of 
less than 10% in twenty-four hours. Patients 
with complicating disease were not included 
in the study; 12 untreated patients had nerve 
(sural or lateral femoral cutaneous) and mus- 
cle biopsy. The material was fixed in 10% 
neutral formaldehyde and imbedded in _par- 
affin. The sections were cut 6 ,» in thickness 
for microscopic examination. The staining tech- 
nics employed were standard hematoxylineosin, 
periodic acid—Schiff (PAS), Gomori’s tri- 
chrome, Mallory’s phosphotungstic acid—hema- 
toxylin, Mayer's mucicarmine, aqueous tolui- 
dine-blue for investigation of metachromasia, 
and Bodian’s silver for peripheral nerves and 
axis cylinders. The slides were reviewed in- 
dependently of the clinical record on 3 sep- 
arate occasions. Only when the pathologic 
changes were consistent in the 3 separate ex- 
aminations were they included in the final 
report. 

Serum and spinal fluid normal control speci- 
mens were obtained from healthy volunteers 
who ranged in age from 25 to 45 years. The 
total protein of serum and spinal fluid in nor- 
mal and myxedematous patients was determin- 
ed by a biuret procedure. The gamma globu- 
lin was determined by an immunochemical 
method after Kabat, Glusman, and Knaub,5 
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except that the antiserum was prepared from 
immunized chickens and the antigen-antibody 
protein was determined by a microbiuret pro- 
cedure.4 Paper electrophoresis of spinal fluid 
protein was carried out by a previously de- 
scribed method.* Paper electrophoresis studies 
of serum for protein, lipoprotein, and glyco- 
protein were performed simultaneously. The 
procedure described in the Spinco Technical 
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bulletin, No. TB 6052A, for glycoprotein and 
lipoprotein was found satisfactory. 

The statistical analvsis* consisted of calculat- 
ing the average and the standard deviation of 
each protein concentration for the normal in- 
dividuals and patients with myxedema. The 
small size of the group was taken into account 
by increasing the standard error of the mean 
by the factor of Y N(N-—1). The number of 


TABLE 1 
STATISTICAL ANALYSIS OF SERUM PROTEIN DATA FROM PATIENTS 


WITH MYXEDEMA AND NORMAL INDIVIDUALS 


Immunochemical 


Per cent 


Electrophoretic partition of protein per cent 
Total protein gamma globulin Immunochemical Globulins 
(gm. per 100 cc.) (gm. per 100 cc.) gamma globulin® Albumin Alpha-1  Alpha-2 Beta Gamma 
Normal 
Average 7.43 1.40 18.8 82.2 1.0 3.8 5.7 7.4 
Number 14 14 14 14 14 14 14 14 
Sandard 
deviationt 0.65 0.45 6.0 3.9 1.4 1.5 1.6 2.4 
Myxedema 
Average 7.16 1.76 24.5 72.1 1.3 5.5 10.2 10.8 
Number 15 16 15 17 17 17 17 17 
Standard 
deviation 1.7 0.7 VP 9.9 0.4 1.8 7.5 3.7 
Per cent 
difference+ 3.6 25.7 30.3 12.3 30 44.7 78.9 45.9 
P value§ 0.5-0.6 <0.01 0.02-0.05 <0.01 0.4-0.5 0.7-0.8 0.02-0.05 <0.01 
*Immunochemical gamma globulin value x 100/total protein value my 
+Standard deviation = |= 
N-1 
¢Myxedema value minus normal value X 100/normal value; minus sign indicates a decrease 
§<0.05 is a significant difference. 
TABLE 2 
STATISTICAL ANALYSIS OF SERUM LIPOPROTEIN DATA FROM 
PATIENTS WITH MYXEDEMA AND NORMAL INDIVIDUALS 
Electrophoretic partition of lipoprotein (per cent) 
densitometer 
units (cm.*) Albumin Alpha-1 Alpha-2 Beta Gamma 
Normal 
Average 3.58 0.21 1.9 9.9 76.0 12.0 
Number 14 4 14 14 14 14 
Standard 
deviation 1.78 0.80 3.9 14.5 17.2 9.8 
Myxedema 
Average 20.0 0.34 1.06 24.1 58.5 16.0 
Number 17 17 17 17 17 17 
Standard 
deviation 78 1.06 2.6 21.6 21.2 9.2 
Per cent 
difference 179.0 61.9 —42.1 143.4 ~—23.0 33.3 
P value <0.01 >0.9 0.5-0.6 0.02—0.05 0.01-0.02 0.2-0.3 
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TABLE 3 
STATISTICAL ANALYSIS OF SERUM GLYCOPROTEIN DATA FROM 
PATIENTS WITH MYXEDEMA AND NORMAL INDIVIDUALS 


Electrophoretic partition of glycoprotein (per cent) 


Total 
densitometer Globuline 
units (cm.*) Albumin Alpha-1 Alpha-2 Beta Gamma ; 
Normal | 
Average 5.2 9.2 i4.l 32.7 34.0 10.0 | 
Number 14 14 14 14 14 14 
Standard 
deviation 2.9 5.5 44 77 6.6 6.6 
Myxedema 
Average 6.9 12.5 13.0 33.1 31.3 10.7 
Number 16 16 16 16 16 16 
Standard 
deviation 6.7 8.8 5.4 8.7 14.4 49 
Per cent 
difference 32.7 35.9 —78 1.2 —7.9 70 
P value 0.3-0.4 0.2-0.3 0.5-0.6 0.8-0.9 0.5-0.6 0.7-08 
TABLE 4 
STATISTICAL ANALYSIS OF CEREBROSPINAL FLUID PROTEIN DATA FROM 
PATIENTS WITH MYXEDEMA AND NORMAL INDIVIDUALS 
Immuno- 
chemical Per cent 
Total g I Electrophoretic partition of protein (per cent) 
protein globulin chemical 
(mg. per (mg. por Albumin Globulins 
100 cc.) 100 cc.) globulin Pre- Regular Alpha-1_ Alpha-2 Beta Gamma 
Normal 
Average 35.6 3.0 8.1 0.1 87.0 18 2.9 6.4 2.0 
Number 6 6 6 6 6 6 6 6 6 
Standard 
deviation 7.6 1.9 4.0 —_— 4.8 1.2 1.3 18 17 
Myxedema 
Average 76.7 10.5 13.1 0 86.6 2.1 2.2 5.4 4.0 
Number 18 17 17 9 9 9 9 9 9 . 
Standard 
deviation 31.3 6.7 3.2 — 5.0 0.8 0.8 2.5 3.0 
Per cent 
difference 115 250 61.7 —- —0.5 16.7 —24.1 —15.6 100 
P value <0.01 <0.01 0.01-0.02 0.8-0.9 0.6-0.7 0.2-0.3 03-04 0.1-0.2 


determinations and the per cent difference be- difference; the P values are recorded in Tables 
tween normal and myxedema protein concen- 1 through 4. 

trations are also given. The Student t test for 
significance of difference between the average 
for the two groups was calculated. The P Neurologic examination. The results of the 
value, or level of significance, was obtained detailed neurologic examination in the present 
from a table of t after the degrees of freedom 25 patients confirmed our previous impression 
were calculated. The level of significance of gained from a review of clinical records and 
0.05 or less was chosen to indicate a significant showed a high incidence of neurologic in- 


RESULTS 


128 
volvement (Table 5). The cerebral manifes- 
tations were similar to those previously re- 
corded. These consisted of mental retardation, 
psychotic behavior (including hallucinations) , 
and coma. Defects of cranial nerve function 
were approximately the same as previously 
noted except for the occurrence of nystagmus 
in 2 patients (Cases 7 and 20). Some degree 
of gait impairment was found in all the pa- 
tients. The ataxia was mild for the most part 
but, in 2 patients (Cases 8 and 25), was pro- 
found enough to be the chief complaint. 
Subjective sensory complaints were again 
found to be a prominent feature. All patients 
in the present study complained of disturbing 
paresthesias in the fingers and toes. Of these, 
15 were found to have objective sensory loss 
located distally over the extremities when 
tested carefully and compared to a control 
group of normal persons; 11 patients had de- 
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creased pain, light touch, and vibratory sen- 
sation, while in 4 cases only decreased vibra- 
tory sensation was found in the hands and feet. 
This is a higher incidence of objective sensory 
disturbance than previously found. The lan- 
cinating extremity pain noted by Crevasse and 
Logue* was not observed in the present group 
of patients. However, burning sensations of 
the hands and feet were noted in 3. 

It was our former impression that, while 
subjective motor weakness was a common 
symptom in the patient with myxedema, there 
was little evidence of objective muscle weak- 
ness. However, objective evidence for motor 
weakness was found in the present study; 7 
patients were noted to have moderate muscle 
weakness, primarily of the proximal muscle 
groups about the shoulder girdle and _ hips, 
with sparing of the muscles of the hands and 
feet. Case 23, a 34-year-old white woman, 


TABLE 5 


Number of Per cent 


patients of total Cases 

Paresthesias 

Tingling 25 100 1-25 

Numbness 23 92 1-12, 15-25 
Diminished peripheral sensation 15 60 1, 2, 4-8, 10, 13, 15, 17, 20, 25 
Subjective weakness 25 100 1-25 
Objective muscle weakness 7 28 1, 2, 6, 8, 15, 20, 23 
Deep tendon reflexes 

Prolonged relaxation 24 96 2-25 

Absent 1 4 1 
Memory impairment 21 84 1-8, 10, 12-23 
Dysarthria and slurring speech 18 72 1, 2, 4—12, 15, 17-19, 21 
Mental retardation 15 60 1, 2, 4-8, 10, 12, 15, 17, 19-22 
Muscle cramps 14 56 2, 4-8, 10-12, 15, 17-19, 21 
Myoedema (mounding phenomenon ) 8 32 1, 2, 6, 8, 10, 17, 19, 22 
Ataxia 

Subjective 17 68 2, 4-8, 11, 12, 15, 17-22, 24, 25 

Objective 6 24 6, 8, 11, 12, 20, 25 
Positive Romberg 5 20 6, 7, 11, 12, 20 
Tinnitus 5 20 9, 15, 18, 21, 24 
Psychosis 3 12 13, 
Minor visual hallucinations 3 12 ae 
Nystagmus 2 8 7, 20 
Coma 1 4 1 


NEUROLOGIC AND MUSCULAR MANIFESTATIONS IN 25 PATIENTS WITH MYXEDEMA 


MYXEDEMA NEUROPATHY AND 


MYOPATHY 129 
TABLE 5 (continued) 
LABORATORY RESULTS 
Basal Protein-bound Serum 
metabolic iodine 24-hour cholesterol® 
Case Age Sex rate ( ug.% ) (mg.% ) 
Autopsy— 
1 72 F fibrosed thyroid 1,280 
2 36 F —20 2.6 18 420 
Autopsy— 
3 53 M —26 fibrosed thyroid 
4 60 F | Be 430 
5 35 F —30 2.0 390 
6 60 F 1.3 367 
7 33 M 15 463 
8 79 M —27 1.3 
9 35 M —23 2.0 
10 32 M 18 263 
1] 53 F —24 15 400 
12 55 F —25 1.5 332 
13 33 F 1S 2.2 
14 33 F —31 1.9 
15 46 F —20 1.9 2.2 360 
16 43 F —25 1.9 
17 26 F —32 1.2 354 
18 35 F —23 2.0 
19 28 F —34 1.7 2.0 390 
20 65 F 1.9 362 
21 51 F —22 2.0 1.0 515 
22 S7 F —20 2.8 382 
23 34 F —33 1.3 4.5 365 
24 54 F —35 2.4 500 
25 62 F 1.5 


*Normal range is 140 to 280 mg. per cent. 


was admitted to the hospital with progressive 
weakness in the proximal muscle groups of 
both the upper and lower extremities which 
was associated with paresthesias of the hands 
and feet. Examination revealed definite weak- 
ness of the iliopsoas, deltoid, and triceps mus- 
cles. The typical reflex of myxedema was pres- 
ent, and thyroid indexes supported this diag- 
nosis. A muscle biopsy showed cloudy and 
granular sarcoplasm with a loss of striations 
and myofibrils. Muscle strength returned to 
normal in three months with the administration 
of thyroid. 


The characteristic myxedema _ reflex was 
present in all patients tested except in the 
patient with coma, whose reflexes were absent. 
The prolonged relaxation reflex response was 
most commonly found in the Achiiles tendon 
but on occasion was demonstrated only in the 
biceps or patellar tendons. In the present study 
the extent of reflex prolongation could not be 
correlated with the severity of myxedema, as 
suggested by some authors. An_ interesting 
observation was that of local swelling of 
directly percussed or pinched muscle (Fig. 1). 
The terms myoedema or mounding phenom- 
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Fig. 1. Mounding phenomenon in the triceps 
muscle of a patient with myxedema; the 
muscle was tapped with a reflex hammer. 


enon have been used in the past to describe 
this little-mentioned sign. The transient swell- 
ing that occurred in one patient (Case 10) 
whenever he bumped himself was so distress- 
ing as to constitute his chief complaint. Mus- 
cular aching and spasm were common (14 
patients), especially in the legs and low back. 

All patients were followed for three to 
twenty-four months after the institution of thy- 
roid, except for the patient who died in coma 
and another who was unable to take thyroid 
because of angina pectoris. Repeated neuro- 
logic evaluation in the treated patients demon- 
strated almost complete clearing of the pre- 
viously noted signs and symptoms. An excep- 
tion was a patient with cerebellar-type ataxia 
(Case 25). After restoration to a euthyroid 
state, the ataxia had improved only to a mod- 
erate degree. It is possible that permanent neu- 
rologic changes had taken place during the 
course of her severe myxedema. It is also 
possible that the ataxia was on some other 


basis. However, the onset during progression 
of the patient’s myxedema suggests an etio- 
logic relationship. 

Neuromuscular pathology. In the majority 
of cases, the material from the biopsies of 
skeletal muscle and peripheral nerve was ade- 
quate for histologic studies (Table 6). There 
were a few exceptions in which neither muscle 
nor nerve was obtained or the fragment of the 
latter was too small to warrant definite con- 
clusions. The peripheral nerves in most of the 
material examined demonstrated an “edema- 
tous” infiltration of the endo- and perineurium 
by a substance which stained metachromatic- 
ally with aqueous toluidine-blue solution and 
basophilic with hematoxylin and eosin (Fig. 
2A). In 3 cases (1, 3, and 9), there were 
degenrative changes of myelin sheaths and 
axis cylinders (Fig. 2B) consisting of axon 
distortion and poorly delineated neuronal bor- 
ders. 

The most conspicuous and constant finding 
on muscle sections was metachromasia of the 
sarcoplasm and surrounding connective tissue. 
This feature was present in all cases in which 
a muscle biopsy was obtained (Cases 1-3, 6, 9, 
17-19, and 23). Structural changes in the 
muscle fibers, consisting of cloudiness and 
granular appearance of the sarcoplasm with 
loss of striations and myofibrils (Fig. 2C and 
D), were present in 4 cases (1, 3, 17, and 23). 
These changes were not universal but were 
confined to certain fibers, particularly the larg- 
er fibers measuring 90 to 100, in diameter 
(Cases 1 and 17). In 3 cases (1, 17, and 18), 
there were some alterations in the number and 
position of the sarcolemmal nuclei with dis- 
placement to a central position within the 
fiber (Fig. 2C and D). On occasion, the pres- 
ence of a prominent nucleolus was observed. 
A striking change noted in some muscle fibers 
was basophilism of the sarcoplasm, endomy- 
sium, and perimysium. On a few occasions, the 
mucicarmine stain was slightly positive (Cases 
1, 3, and 19) and PAS-positive granules were 
in the sarcoplasm (Cases 1, 2, 17, and 23). 

Serum and spinal fluid protein data. The 
data in Table 1 indicate that the average 
serum total protein from patients with myxe- 
dema did not differ from that of normal indi- 
viduals (P value > 0.5). On the other hand, 
the gamma globulin fraction, when determined 
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by the immunochemical procedure, was ele- 
vated 25.7% in patients with myxedema (P 
< 0.01). Furthermore, the per cent gamma 
globulin in the serum from patients with myxe- 
dema was significantly increased either 30.3 
or 45.9% when based on the ratio of the im- 
munochemically determined gamma _ globulin 
concentration over the total protein concentra- 
tion or when the electrophoretic technic was 
used, respectively. It was also noted that the 
per cent beta globulin was significantly ele- 
vated 78.9% in the serum from patients with 
myxedema (P < 0.05). Finally, the per cent 
albumin was significantly decreased 12.3% with 
myxedema (P < 0.01). 

The data in Table 2 indicate that the serum 
total lipoprotein of patients with myxedema 
was significantly increased 179% (P <0.01). 
Electrophoretic partition of the serum lipo- 
protein indicated that there was a significant 
increase of 143% in the alpha-2 lipoprotein 
fraction (P < 0.05) and a significant decrease 
of 23% in the beta lipoprotein (P < 0.02). No 
significant differences were found in the albu- 
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min, alpha-1, and gamma globulin lipoprotein 
fractions. 

The data in Table 3 indicate that the serum 
glycoprotein values of the patients with myxe- 
dema did not differ from those of normal indi- 
viduals (all P values > 0.2). 

The data in Table 4 indicate that, on the 
average, the cerebrospinal fluid total protein 
of the patients with myxedema was increased 
significantly 115% (P < 0.01). The gamma 
globulin fraction, when directly determined 
by the immunochemical procedures, was signi- 
ficantly elevated 250% in patients with myxe- 
dema (P < 0.01). Furthermore, the per cent 
gamma globulin in the fluid was increased 
significantly 61.7% when based on the ratio 
of the immunochemically determined gamma 
globulin over the total protein (P < 0.02). On 
the other hand, the per cent gamma globulin 
was increased 100% when based on the paper 
electrophoretic partition; however, this proved 
not to be a significant elevation (P > 0.1) 
because of the large variability noted in the 
normal and myxedema groups, that is, stand- 


TABLE 6 
PATHOLOGIC ALTERATIONS OF NERVE AND MUSCLE IN MYXEDEMA 
Peripheral nerve Cases 
Axon cylinder degeneration 1, 3,9 
Myelin sheath changes 1, 3, 9 


Interstitial tissue changes (endo- and perinerium ) 


“Mucoid” infiltration 
Metachromasia 
Fibrosis 


1, 2, 3, 6, 12, 15, 18, 23 


Skeletal muscle 


Architectural changes 
Loss of striations and myofibrils 


Sarcoplasmic degeneration (cloudy, granular, or floccular) 


Variation in fiber size 
Small (25 
Large (> 
Changes in muscle nuclei 


Increased number 
Internally placed 


Large vesicular with prominent nucleoli 


Basophilic fibers 


Changes in interstitial tissue (endo- and perimysium ) 


Edema 


“Mucoid” degeneration and metachromasia 


Fibrosis 


1, 2, 3, 17, 2 


1, 2, 3, 17, 28 


1, 3, 17, 18, 19, 23 


1, 2, 3, 17, 18, 19, 28 
1, 2, 3, 6, 17, 18, 19, 23 
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Fig. 2. [A] Small peripheral nerve in cross section. Marked edema and infiltration of endo- and 
perineurium by a “mucoid” substance. Hematoxylin and eosin. x 940. [B] Peripheral nerve. Al- 
terations in axis cylinders. Bodian stain. x 720. [C] and [D] Muscle fibers with poorly defined 
cross striation. Chains of internal nuclei with prominent nucleoli. Edema of perimysium. Hema- 


toxylin and eosin. «x 940 


ard deviation of 1.7 and 3, respectively. None 
of the other spinal fluid protein fractions 
(albumin, alpha-1, alpha-2, and beta globulins) 
separated by paper electrophoresis were signi- 
ficantly different in the 2 groups. 
Electromyographic and_ electroencephalo- 
graphic results. Electromyographic studies 
were carried out in 5 patients, and the results 
consisted mainly of low potential and reduced 
number of motor discharges. Electroencepha- 
lographic studies were done in 16 patients. 
Generalized low voltage from 25 to 50 micro- 
volts was recorded in all, associated with a pre- 
dominant slow, 4- to 8-per-second alpha wave. 


DISCUSSION 


The lack of attention in the past to the 
neurologic features of myxedema may be due 


to several factors. First, patients with myxe- 
dema are poor historians. They frequently 
have few spontaneous complaints, and various 
symptoms often have to be sought by direct 
questioning. Second, the neurologic examina- 
tion is difficult to perform due to the patient’s 
psvchomotor retardation and poor cooperation. 
In the present study, most of the neurologic 
features were readily apparent but, in some in- 
stances, careful and repeated testing was nec- 
essary to elicit abnormalities. 

Both physiologic and pathologic data exist 
in the literature concerning the adverse effect 
of myxedema on the nervous system in general 
and on specific nerve fibers. In 1948, Horsten 
and Boeles* studied the influence of hypothy- 
roidism on the conductivity of the sciatic nerve 
in rats. The optimal frequency of alternating 
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current was lowered and the chronaxy raised 
50% in thyroidectomized rats. The changes of 
chronaxy indicated that excitability of the peri- 
pheral nerve was reduced. In a more recent 
study by Murray and Simpson,® the conduc- 
tion velocity in the median and ulnar nerve 
was determined in 11 myxedematous patients 
by an electromyographic method. In 3 cases, 
there was prolonged conduction through the 
median nerve from the elbow to the wrist, 
which was thought to be on the basis of a 
carpal-tunnel syndrome. In 4 other cases, the 
conduction time in the median nerve was 
slightly longer than found in normal subjects, 
but not to a significant degree. Murray and 
Simpson were of the opinion that the pares- 
thesias so common in myxedema were caused 
by accumulation of edematous tissue under the 
flexor retinaculum of the wrist, since, when 
this was cut in one of the patients with typical 
carpal-tunnel syndrome, the paresthesias lim- 
ited to the thumb and second digit cleared. 
More recently, Wayne!® confirmed these 
studies in 46 of 50 patients with hypothy- 
roidism. This evidence alone is not sufficient 
to explain the general, fading, glove-and- 
stocking-like distribution of sensory disturb- 
ance in both upper and lower extremities seen 
in myxedema. 

Several studies on muscle physiology in 
hypothyroidism have been reported in the 
literature. It is known that spontaneous run- 
ning activity in rats is greatly decreased after 
complete thyroidectomy. This is probably more 
on the basis of cerebral retardation rather than 
entirely on muscle impairment. Biochemical 
analysis of muscle tissue in hypothyroidism" 
has shown a 15% decrease in oxygen consump- 
tion. A similar increase in oxygen consumption 
was observed when normal animals were given 
a large intravenous dose of thyroxin. Wald- 
stein and associates'? were of the opinion that 
significant electromyographic abnormalities oc- 
cur in patients with myxedema. The changes 
in their report consisted of polyphasic action 
potentials, hyperirritabilitv, repetitive dis- 


charge after reflex motion, and low voltage 
short motor unit potentials. 

From previously reported histologic studies, 
it is known that an extracellular “mucinous” 
substance is present in various tissues of pa- 
tients with myxedema. Watson and Pearce’ 
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found this substance was composed of acid 
polysaccharides, chondroitin-sulfuric and hya- 
luronic acid, mixed with or in some combina- 
tion with protein. The material stains meta- 
chromatically in connective tissue and skin of 
myxedematous patients and has been accepted 
as a guide to the concentration of polysac- 
charide in an area. Cardiac muscle of myx- 
edematous patients has been shown to contain 
granular amorphous basophilic material which 
replaces the sarcoplasm. 

Similar infiltrations have been found in the 
musculature of the tongue. Foster and Barr! 
described widespread infiltrations in the mus- 
cles of a woman who had suffered from myx- 
edema for twelve years and suggested that the 
basophilic material was a form of “mucoid.” 
Lambert and Sayre’ noted histologic abnor- 
malities in muscle fibers of rabbits after thy- 
roidectomy. The peripheral nerves, on the 
other hand, appeared normal to them. The 
changes in the muscle consisted of vacuolated 
fibers, various stages of hyaline degeneration, 
and some evidence of regeneration. The lesions 
appeared at first in the sacrospinalis muscle 
and, as the condition became more serious, 
involved the thigh and shoulder girdle muscles. 
Fat cells eventually replaced muscle cells, and 
high levels of creatine were noted in the urine. 
Elevation of the basal metabolic rate to normal 
with triiodothyronine gradually restored mus- 
cle structure. 

References to pathologic examination of 
peripheral nerves are even rarer than those of 
muscle mentioned above. Ord!® discovered a 
mucoid substance in the connective tissue of 
the spinal cord and about the peripheral nerves 
in a 52-year-old woman who came to autopsy. 
Clinically, the patient had mental retardation 
and severe ataxia and finally lapsed into coma. 
Extremity weakness was not noted, and: sen- 
sation to touch appeared intact. 

Myxedema neuropathy. In the present in- 
vestigation, a basophilic metachromatic sub- 
stance, probably a mucopolysaccharide-protein 
complex, was found in and about the endo- 
,and perineurium of individual nerve fibers. Its 
presence interstitially spread many of the 
nerve fibers apart, which could account for 
some of the irregularity and ill-defined borders 
of the myelin sheaths and axis cylinders. In 
several cases (1, 3, 9, 17, and 18), both nor- 
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mal and abnormal areas appeared on the same 
microscopic section. Slight alteration sugges- 
tive of degenerative changes was noted in the 
myelin sheaths and axis cylinders. 

These microscopic abnormalities of the peri- 
pheral nerves could account for the clinical 
picture of decreased peripheral sensation and 
possibly part of the muscle weakness but 
would not likely explain the characteristic deep 
tendon reflexes. The mucinous infiltrate found 
in the peripheral nerves could mechanically 
interfere with the metabolic exchange of nu- 
trients and catabolic products to and from the 
neuron, resulting in peripheral neuropathy. 
Possibly, some of the paresthesias and sensory 
loss could also be caused by a similar mechan- 
ical disturbance of the sensory corpuscles in 
the skin. Histologic studies of the sensory cor- 
puscles in the skin would be of interest in 
these patients. In 2 patients (Cases 17 and 
18), the nerve biopsy appeared normal except 
for some “mucoid” material in the connective 
tissue about the nerve, despite the presence of 
diminished peripheral sensation. It may be that 
only with additional study, using such technics 
as histochemical staining for enzymes and elec- 
tron microscopy, will abnormalities in structure 
or enzyme systems be revealed in otherwise 
normal-appearing nerves. 

Myexdema myopathy. The association of 
thyroid dysfunction (especially hyperthyroid- 
ism) with abnormalities of skeletal muscle has 
been noteworthy in the past. Muscular hyper- 
trophy with myotonia has been described with 
myxedema but is rare. In the present series of 
patients, muscle weakness, noted in the proxi- 
mal muscle groups, could result at least in part 
from the observed partial muscle fiber degen- 
eration. Myxedema deep tendon reflex, muscle- 
mounding phenomenon, and muscle spasm 
would more likely represent a fundamental 
abnormality in the contractile mechanism of 
skeletal muscle. A basophilic material similar 
to that found in the nerves was observed in 
and about the endo- and perimysium and with- 
in the actual muscle fiber. In addition, changes 
were noted in the fiber size in association with 
alterations of the nuclei. The mucoid changes 
occurring in and around muscle fibers, and at 
times associated with fiber hypertrophy and 
cloudy degeneration, could mechanically slow 
the contraction and relaxation of muscles. 
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Actual physicochemical alterations within the 
muscle cell itself with a decrease in uncoupling 
phosphorylation activity and the number of 
cell mitochondria (known to occur with hypo- 
thyroidism'*) could impede muscle contraction 
and account for the low potential and reduced 
number of motor units observed on electro- 
myograms in the present as well as previous 
studies. It was felt that all motor units were 
not operating when tested by the electromyo- 
gram. Clinically, the muscle weakness was 
often most prominent in the proximal muscle 
groups. In Case 1, an opportunity was present 
to study a number of muscles. No structural 
change could be found in some muscles, while 
cloudiness of the sarcoplasm, variation in fiber 
size, and abnormal-appearing nuclei were 
noted in others. The psoas muscle was pri- 
marily involved, suggesting a correlation with 
the proximal weakness detected on examina- 
tion. 

The microscopic and clinical evidence of 
muscle involvement in this study has been 
interpreted as a myopathy similar to that de- 
scribed by Lambert and Sayre’ in thyroidec- 
tomized rabbits. The proximal involvement is 
similar to that seen with certain muscular 
dystrophies. It is suggested that this proximal 
weakness seen in patients with myxedema is 
due primarily to disturbed muscle function 
rather than to peripheral neuropathy. The lat- 
ter is characteristically associated with distal 
motor weakness. 

Serum and cerebrospinal fluid data. Certain 
comments should be made about the serum 
studies in this report. The concentration of 
total protein in the serum of patients with 
myxedema was normal. However, separation 
of the total protein into its various components 
has shown deviations from the normal. Ac- 
cording to Bronsky and associates,'* Lewis 
and McCullagh, using free electrophoresis, and 
Lamberg and Grasbeck, using paper electro- 
phoresis, found diminished albumin and alpha 
globulin and increased beta globulin. Bronsky 


associates!® confirmed the results of 


Mahaux and Itoiw. They found that only the 
serum gamma globulin was elevated and felt 
that the serum albumin was low when com- 
pared with that of normal young individuals. 
Thus, the relative youth of the normal in- 
dividuals used in this study (25 to 45 vears) 
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may explain our low serum albumin findings. 

It is well known that lipid metabolism is 
abnormal in patients with myxedema. The data 
in Table 5 indicate that 95% (17 of 18) of the 
patients had a serum cholesterol value above 
the normal range. Moreover, paper electro- 
phoresis technic demonstrated that the serum 
total lipids were increased significantly to 170% 
over the normal values. The electrophoretic 
data further showed that the increase of total 
lipids could be accounted for almost entirely 
by the increase in the alpha-2 globulin frac- 
tion. It was anticipated that with hypercholes- 
teremia the beta globulin fraction would have 
been increased.'® In our study it was signifi- 
cantly decreased from 76 to 59%. Poulik and 
Smithies,”° utilizing 2-dimensional starch gel 
electrophoresis, recognized at least 10 compo- 
nents in the normal alpha-2 globulin serum 
fraction. None of these components took a 
lipid stain readily. 

Several possibilities arise to explain the ele- 
vation of serum gamma globulin in myxedema. 
It is reasonable to assume that this is an in- 
crease in the antibody concentration in the 
serum. What are some of the possible anti- 
genic substances which could bring this about? 
It is possible that antibodies have been formed 
against the basophilic substance noted about 
the nerves and muscles. It is also possible that 
some of our patients had myxedema on the 
basis of isoimmunization. Recent studies have 
indicated that antithyroid antibodies are pres- 
ent in serum of certain patients with thyroid 
disease.*' This point is particularly appropriate 
for experimentation, since, recently, an anti- 
thyroid antibody from certain patients with 
thyroid disease has been partially purified 
by ion-exchange cellulose chromatography.?* 

It is well known that the spinal fluid total 
protein is elevated with myxedema. Thompson 
(quoted by Bronsky and associates’) re- 
ported that 76% of his patients with myxedema 
had an elevated spinal fluid protein, and 
Bronsky and associates reported 93%. The re- 
sults of our study generally agree with these 
findings. The average protein concentration of 
the normal individuals was 35.6 mg. per cent 
with a standard deviation of 7.6; hence, a 
range of 19.8 to 50.8 mg. per cent will include 
95% of the normal values (average + 2 S.D.). 
Therefore, in our series, 89% of the patients 
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with myxedema had total protein concentra- 
tions above the normal range. The average 
spinal fluid protein in patients with myxedema 
in our series was 76.7 mg. per cent and in 
Bronsky’s series was 98 mg. per cent. Calcu- 
lations showed that the difference of the aver- 
ages of these 2 groups was not significant. This 
was anticipated, since the variances were so 
high for each group. In our series, 22% of the 
patients had a total protein over 100 mg. per 
cent, whereas, in Bronsky’s study, 44% did. 
Finally, the lowest value in our group was 38.1 
and in Bronsky’s, 29 mg. per cent; the highest 
value in our group was 138.1 and in Bronskv’s, 
168 mg. per cent. 

Bronsky and associates'* first showed by 
paper electrophoresis a significant increase of 
39% in gamma globulin in the spinal fluid of 
patients with myxedema. The paper electro- 
phoresis technic used by us also showed that 
the per cent gamma globulin was increased 
100%, but this increase was not significant 
since the variance of the 2 groups was so 
great. However, when the per cent distribu- 
tion was based on the more reliable immuno- 
chemical gamma globulin procedure and the 
total protein determination, a significant in- 
crease of 61.7% in gamma globulin in the 
spinal fluid of patients with myxedema is ob- 
served. 

Bronsky and associates stated that the in- 
crease of spinal fluid gamma globulin could 
not account for the increase of spinal fluid 
total protein. The direct determination of gam- 
ma globulin by the immunochemical method 
reported here is further support of this point. 
The absolute increase of gamma globulin in 
the spinal fluid of patients with myxedema was 
on the average 7.5 mg. per cent (myxedema 
value [10.5] minus normal value [3]). This 
is not enough to account for the total protein 
increase of 41.4 mg. per cent on the average. 

The findings of increase in the total protein 
content of spinal fluid could be explained on 
the basis of an alteration in the permeability of 
the blood-cerebrospinal fluid barrier, which 
permitted a generalized increase in all spinal 
fluid protein fractions in direct proportion to 
their occurrence in the serum. Hence, this 
would result in not only an increased concen- 
tration of total protein but an elevation of the 
gamma globulin fraction as well. The work 
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of Lange ** demonstrated increased capillary 
permeability in patients with myxedema. It 
may be that myxedema is accompanied by 
altered permeability of the capillary mem- 
branes throughout the body, including the 
blood—cerebrospinal fluid barrier. Experiments 
by Courtice and Simmonds** indicated that 
spinal fluid proteins were primarily absorbed 
at the arachnoid villi (pacchonian bodies). It 
is possible that the basophilic material found 
about the nerves and muscle fibers in this 
study might be present in this important pro- 
tein absorptive site and hence might decrease 
the absorption of spinal fluid proteins. 

Several comments should be made about 
the significance of the per cent elevation of 
spinal fluid gamma globulin in myxedema. 
How does it come about? It may be that the 
elevation of the gamma globulin is merely a 
reflection of its increase in the serum, perhaps 
by mass transfer across a semipermeable mem- 
brane (blood—cerebrospinal fluid barrier). It 
has been well established by others*®.?6 that 
there is a close relationship between proteins 
in the serum and those in the spinal fluid. 
Pathologic changes in the serum often are re- 
flected in the cerebrospinal fluid. However, it 
may be asked why the significantly low per 
cent albumin and the high per cent beta globu- 
lin of the serum were not reflected in the 
spinal fluid protein distribution? The explana- 
tion may be simply on a technical basis. 

Another possible mechanism of the per cent 
elevation of spinal fluid gamma globulin with 
myxedema has been suggested by Kabat.*7 
The data indicated that gamma globulin in the 
spinal fluid may be increased with certain dis- 
eases, especially multiple sclerosis and neuro- 
syphilis, but not in the serum. He has suggest- 
ed that this could result from the formation of 
gamma globulin within the central nervous 
system and not from migration across the 
blood—cerebrospinal fluid barrier. It is possible 
that the increase in spinal fluid gamma globu- 
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lin is an antibody response to something in the 
subarachnoid space. 

The spinal fluid protein changes support 
the conclusion that the nervous system is in- 
volved in myxedema. An attempt was made 
in this study to correlate the spinal fluid pro- 
tein changes and the histologic findings in 
the muscles and nerves with the degree of 
neurologic involvement, but no direct associa- 
tion could be made from the data available. 


SUMMARY 


Manifestations suggesting neurologic and 
muscular impairment were sought in 25 pa- 
tients with primary myxedema. Objective sen- 
sory and motor dysfunctions with decreased 
peripheral sensation and proximal muscle 
weakness were significant findings in this 
study. 

The pathologic alterations in nerve and 
muscle consisted of mucinous deposits in the 
endo- and perineurium as well as in the endo- 
and perimysium. The myelin sheaths and axis 
cylinders were altered. Both structure and 
staining changes were present in muscle fibers. 

The serum studies revealed a normal total 
protein concentration; however, separation of 
the various protein fractions revealed signifi- 
cantly decreased albumin and increased beta 
and gamma globulin. The increased gamma 
globulin was confirmed by an immunochemical 
technic. 

The total serum cholesterol and total serum 
lipoproteins were elevated significantly. Fur- 
thermore, the alpha-2 globulin lipoprotein was 
significantly elevated. 

Serum glycoprotein values were normal. 

The spinal fluid examination revealed in- 
creased total protein and gamma globulin frac- 
tion. 

Myxedema neuropathy and myxedema myo- 
pathy are terms suggested to define the clini- 
cal and pathologic picture seen in patients in 
this study. 
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Acute Dilantin poisoning 


George B. Theil, M.D., Lt. Ralph W. Richter, M.C., U.S.N.R., 
Lt. Malcolm R. Powell, M.C., U.S.N., and 
Cdr. Paul D. Doolan, M.C., U.S.N. 


DESPITE WIDESPREAD USE for more than twenty 
years, few instances of severe Dilantin intoxi- 
cation have been reported.'~* In actuality, ex- 
clusive of hypersensitivity or idiosyncratic re- 
actions, this hydantoin derivative remains one 
of the least toxic of the time-proved antiepilep- 
tic compounds. The ingestion of 4.5 gm. by 
an adult' and 600, 650, and 900 mg. by chil- 
dren at ages 4 years 3 months,” 3 years,* and 
2 years 9 months,® respectively, produced a 
similar restless coma which rapidly improved 
on supportive therapy. Another child has been 
described® in whom opisthotonic seizures oc- 
curred and the period of depression was more 
prolonged. Only 2 fatalities have been noted, 
1 involving a 7-year-old* nonepileptic child 
who ingested 2 gm. and the second, a 16-year- 
old* nonepileptic child who took an unknown 
amount and in whom other complicating fea- 
tures may have contributed to the fatal out- 
come. In contrast, the ingestion of larger 
quantities," as much as 25 gm., provoked 
hallucinatory phenomena and cerebellar signs 
and symptoms but did not produce coma or 
serious depression. Nevertheless, Putnam and 
Rothenberg" have induced narcosis with about 
4 gm. of the drug, but, in terms of pharma- 
cologic activity, this observation must be in- 
terpreted with due caution, for the subjects 
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were refractory epileptic patients and the 
therapy was frequently combined with a sopo- 
rific. The opportunity to observe a patient who 
had ingested a massive amount (21.5 gm.) 
of Dilantin, together with 2.4 gm. of pheno- 
barbital, and had a prolonged and grave re- 
action prompted us to report the following 
case in detail. The barbiturate was not con- 
sidered to be the significant factor in the ulti- 
mate course of the patient. 


CASE REPORT 


A.G. (USNH, Oakland, Reg. No. J-309372), 
an 18-year-old, married, Caucasian female, 
was hospitalized on December 18, 1958, at the 
U.S. Army Hospital, Fort Ord, Calif.,° two 
hours after she ingested, in a suicidal attempt, 
215 capsules each containing 100mg. of 
Dilantin and 75 tablets each containing 32 
mg. of phenobarbital. When first seen, she was 
semicomatose, with decreased deep tendon re- 
flexes, and responded to painful stimuli by 
withdrawal. Blood pressure, pulse, tempera- 
ture, and respirations were normal and stable. 
Past history indicated the onset of grand mal 
epilepsy at the age of 12 with almost seizure- 
free control on diphenylhydantoin and pheno- 
barbital. The patient had been hospitalized 
from age 14 to 16 for the treatment of schizo- 
phrenia. Additional history revealed a tonsil- 
lectomy and appendectomy in childhood and 
pneumonia at the age of 14 with no apparent 
sequelae. She was gravida III, para 0, ab II, 
in the eighth month of pregnancy. Gastric 
aspiration yielded a small return of white 
gelatinous material. Several hours after ad- 
mission, the patient became jess responsive, 
with absent deep tendon reflexes, absent cor- 


°The initial care of this patient was under the direction of 


Col. Richard S. Fraser, M.C., U.S.A., Chief, Medical Ser- 
vice, U.S. Army Hospital, Fort Ord, Calif., who referred 
her to this hospital. 
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neal reflexes, and constricted nonreactive pu- 
pils. The vital signs remained stable. Megi- 
mide, 200 mg., was then administered in- 
travenously, and return of pain irritability and 
normal reflexes followed. Transfer to the U.S. 
Naval Hospital, Oakland, was accomplished 
sixty hours postingestion, when it was thought 
that hemodialysis might be indicated because 
of the persistent stupor and large amount of 
drugs taken initially. 

On arrival, the patient was stuporous, the 
lips and mucous membranes were dry and 
slightly dusky, and there was marked con- 
junctival suffusion and chemosis, with fixed 
staring eyes. Ophthalmoscopic examination 
was normal. Coarse rhonchi and wheezes 
throughout both lung fields improved after re- 
peated endotracheal suctioning. The blood 
pressure was 132/80 mm. Hg; pulse rate, 96 
per minute and regular; respirations, 18 per 
minute; and rectal temperature, 103° F. Heart 
size appeared normal with a Grade II, short, 
aortic, systolic murmur and a systolic gallop 
at the apex, located 12cm. left of the mid- 
sternal line in the fifth intercostal space. Ab- 
dominal findings were consistent with an 
eighth-month pregnancy, the normal fetal 
heart tones being 130 beats per minute. No 
other abdominal masses or organs were pal- 
pated. Pupillary reflexes were brisk and equal, 
as were the deep tendon reflexes. No clonus, 
abnormal reflexes, or evidences of cranial 
nerve involvement were found, with the ex- 
ception of absent corneal reflexes. She re- 
sponded to painful stimuli by moaning. 

Laboratory findings. The admission hemo- 
gram showed a white cell count of 11,050 
with 83% neutrophils, 16% lymphocytes, and 
1% eosinophils. Serology was negative, and 
erythrocyte sedimentation rate (Westergren) 
was 40 mm. in one hour. The Lee-White clot- 
ting time was 9, 12, and 12.5 min.; prothrom- 
bin time was 12.5 sec. with a control of 13.5 
sec. The urine was opaque and deep brown, 
with a specific gravity of 1.025, and had an 
odor reminiscent of tincture of benzoin; 4+ 
proteinuria and acetonuria were noted. The 
sediment contained numerous red blood cells 
(attributed to the trauma of the indwelling 
Foley catheter). The urine was faintly positive 
for barbiturates. Blood urea nitrogen was 17 
mg. per cent; creatinine, 1.6 mg. per cent; 
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sodium, 138 mEq. per liter; potassium, 3.8 
mEq. per liter; plasma carbon dioxide content, 
24 mEq. per liter; and chloride, 97 mEq. per 
liter. Roentgenograms of the chest (portable 
machine) showed patchy parenchymal infil- 
tration throughout, interpreted as lobular ate- 
lectasis and/or bronchopneumonia. On serial 
electrocardiograms, slightly broadened, flat 
T-waves, a slight depression of the RST seg- 
ment in leads V, through V;, and sinus tachy- 
cardia were recorded. Lumbar puncture re- 
vealed normal opening pressure and manomet- 
rics; the protein content was 78 mg. per cent 
and the chloride 133 mEq. per liter, with 
a positive Pandy and normal colloidal gold. 
Electroencephalogram before lumbar puncture 
depicted a severe dysrhythmia characterized 
by low voltage, 14- to 16-cps activity with 
frequent generalized bursts of 100-microvolt, 
2- to 3-cps activity in all areas. Additional 
laboratory work showed a serum cholesterol of 
135 mg. per cent; thymol turbidity, 9 units; 
transaminase, 15 units; serum albumin, 2.7 
gm. per cent; and globulin, 2.9 gm. per cent. 

During the initial six hours of observation 
after transfer, the patient again manifested 
neurologic deterioration with absent tendon 
reflexes, no response to painful stimuli, and 
sluggish, contracted pupils. Hemodialysis was 
considered to be indicated, but, when trans- 
ferred to the artificial kidney room, the sub- 
ject awoke and became restless and hyperki- 
netic, drawing herself up in bed and hurling 
epithets at the personnel. All the reflexes be- 
came active and equal, and she responded 
to simple commands. A decision was made 
to cancel the procedure and continue medical 
treatment, anticipating progressive recovery. 
A prophylactic tracheotomy was performed, 
although there was no evidence of impair- 
ment of the cardiac or respiratory centers. 
Her course remained febrile with rapidly 
undulating levels of consciousness and reflex 
activity during the next seventy hours, and 
the over-all neurologic picture progressed to 
that of profound restless coma. The cyclical 
alterations occurred every few hours, but, 
with each successive cycle, the duration of 
the coma became more prolonged. Her be- 
havior at this point resembled that of exten- 
sive brain damage. Hemodialysis, using the 
Kolff-Brigham artificial kidney, was then car- 
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ried out for six hours, beginning one hundred 
thirtv-eight hours after the overdose. The 
deep tendon and pupil reflexes, which had 
been absent for several hours, returned im- 
mediately after hemodialysis and _ persisted. 
She moved spontaneously, reacted to painful 
stimuli, and over the next forty-eight hours 
responded occasionally to simple commands. 
Thirty hours before hemodialysis, the spinal 
fluid—phenobarbital level was 1.7 mg. per 
cent. No Dilantin was found in the same 
sample. The plasma phenobarbital and Dilan- 
tin levels, immediately preceding dialysis, were 
19 and 5 mg. per cent, respectively, and 
immediately after the procedure were 1.5 
and 0.4 mg. per cent, respectively. Repeated 
attempts to measure the drugs in the dialvsis 
bath were unsuccessful. The usual plasma 
levels of Dilantin in epileptic patients on long- 
term combined therapy vary from 0.2 to 1.4 
mg. per cent in the same laboratory.°® 
Postdialysis course. The patient became 
afebrile forty-eight hours later, and the cardiac 
rate returned to normal. Over the following 
six days, she became more responsive and 
seemed to be slowly improving until the 
abrupt onset of what was believed to repre- 
sent repetitive midbrain seizures. She would 
cry out, hyperventilate, yawn, and flex all four 
extremities in tonic contraction, assuming a 
frog-like position. The muscle tone of the ex- 
tremities was markedly increased, and _ fre- 
quently she would rigidly extend the lower 
limbs. Her head would turn to the right, and 
the tongue would protrude. The pupils be- 
came widely dilated and nonreactive to light. 
Nystagmus with rapid component to the left 
and divergent strabismus were noted. The 
tonic seizures took place at varying time inter- 
vals, from five minutes to several hours, and 
each lasted thirty to sixty seconds. These 
phenomena were present over the next four 
days, decreasing in frequency and intensity. 
Nystagmoid movements continued for an ad- 
ditional week, and there was intermittent, al- 
ternating right- and left-ankle and patellar clo- 
nus. No pathologic reflexes were noted. The 
next phase, beginning twelve days after dialy- 
sis, consisted of extreme restlessness and hy- 


*These determinations were carried out under the direc- 
tion of Charles H. Hine, M.D., Ph.D., University of Cali- 
fornia Medical Center, San Francisco. 
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peractivity which responded to sedation with 
Sparine and paraldehvde. The previously low 
attention span improved, and speech activity 
then became prominent in the form of echola- 
lia and perseveration. This improvement con- 
tinued with good object-recognition and mem- 
ory, so that by three weeks postdialysis she 
was stable in all respects and the only gross 
central nervous system deficit was in appro- 
priateness, slow deliberate speech, and occa- 
sional perseveration. 

Atypical grand mal seizures appeared for 
the first time three weeks after her initial ad- 
mission and were treated by placing the pa- 
tient on the previous regimen of Dilantin and 
phenobarbital. Hepatic intolerance was sug- 
gested by the subsequent elevation of the 
transaminase to 216 units and alkaline phos- 
phatase to 5.3 Bessey-Lowry units. Primidone 
substitution therapy resulted in effective sei- 
zure control, and the abnormalities of the liver 
profile reverted to normal. Forty-three days 
after the poisoning, she went into spontaneous 
labor which progressed to an uneventful va- 
ginal delivery of a 6-lb., 14.5-0z., objectively 
normal male infant. On return to the referring 
hospital, she was thought to represent a mixed 
variety of schizophrenia with an underlying 
degree of organic brain damage. Five weeks 
later, having been easily managed on a gen- 
eral medical ward, the patient was discharged 
to home with no change in the previous 
diagnoses. Changes similar to those observed 
in subjects with generalized brain damage 
were detected by psychologic testing accomp- 
lished one vear after final discharge. The 
mood seemed consistent with residual frontal 
lobe damage. 


DISCUSSION 


The neurologic events preceding hemodialv- 
sis consisted of alternating depression and ex- 
citement comparable to the restless coma de- 
scribed in other cases but were quantitatively 
more severe. The depressed phases were mani- 
fested by complete areflexia and unresponsive- 
ness, with preservation only of the pupillary 
reflexes, which tended to become more slug- 
gish and the pupils more constricted as a 
function of the duration of coma. During the 
period of restlessness, the eyelids would re- 
tract and intense coordinated motor activity 
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and verbalization occurred, similar to that ob- 
served in the excitement stage of anesthesia. 
The deep tendon reflexes then returned, and 
no Babinski phenomena were elicited. Improve- 
ment after dialysis was marked by the return 
and persistence of deep tendon reflexes, lack 
of repetitive deep coma, and increasing re- 
sponsiveness to painful and verbal stimuli, al- 
though the last was less consistent. The as- 
sociated mental illness made any change in the 
slow clinical progress difficult to evaluate, 
especially after consciousness returned, and, 
finally, in attempting to determine any residual 
brain damage in the immediate recovery pe- 
riod. Although the patient did initially ingest 
a significant amount of phenobarbital, the 
clinical picture upon transfer to this hospital 
was that of a profound, agitated depression 
consistent with Dilantin intoxication. Simi- 
larly, the subsequent clinical course was not 
consistent with phenobarbital poisoning, and, 
certainly, by the time dialysis was instituted, 
the plasma level was well below a critical 
range!?13—indeed, no higher than in many 
epileptics on long-term phenobarbital therapv. 
The failure to recover significant amounts of 
the drug during hemodialysis further supports 
the clinical impression. That the barbiturate 
may have exerted a permissive action, how- 
ever, cannot be entirely disregarded. 

The effective use of the artificial kidney in 
the removal of dialyzable poisons is well es- 
The major responsibility in 
any case of severe intoxication involving such 
a substance is to determine as soon as possible 
the indication for dialysis therapy as opposed 
to continuing with more conservative medical 
management. This procedure does not lessen 
the need for diligently carrying out all indi- 
cated supportive and therapeutic measures. 
Hemodialysis has been applied in only one 
case of Dilantin intoxication;® hence, objective 
criteria such as blood levels and clinical corre- 
lative information are meager. This is due, in 
part, to the obvious conclusion that large doses 
usually do not cause grave symptoms. The 
fall of the diphenylhydantoin-plasma level 
from 5 to 0.4 mg. per cent did not bring 
about spectacular clinical improvement in this 
case, but it may have prevented further neuro- 
logic deterioration. This is similar to the 
experience of Schreiner,® where the plasma 
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value fell from 11.6 to 7.9 mg. per cent after 
dialysis and the patient’s response also was 
not dramatic. The fall in plasma level in both 
of these cases indicates that Dilantin is dif- 
fusible through cellophane while the failure 
to find the drug in the dialysis bath may be 
due to slow release from the tissues, so that 
the concentration attained in any given bath 
was small and escaped detection. If the drug 
per se or a metabolic derivative is gradually 
released from the tissues or if there is unequal 
body tissue distribution, the therapeutic pro- 
cedure of choice may be peritoneal dialysis,"* 
which can be employed for long periods of 
time. This technic is so simple and safe that 
we feel justified in instituting it at an earlier 
stage in a patient’s course than hemodialvsis. 

Signs of fetal distress did not occur, but the 
known ability of many drugs, including pheno- 
barbital, to cross the placental barrier posed 
a question as to whether cesarean section was 
indicated. The diffusibility of diphenylhvdan- 
toin across the human placenta has not been 
established. Inferential evidence for a pos- 
sible, at least partially effective barrier iso- 
lating the fetus may be gained from the know]- 
edge that Dilantin was absent in this case from 
the spinal fluid when the blood level was at 
least 5 mg. per cent. At the same time, the 
phenobarbital level of the cerebrospinal fluid 
was 90% of the plasma concentration, a re- 
lationship comparable to the experience of 
others.'* The decision to forestall operative 
intervention was also based on the cognizance 
of immaturity of the detoxifying mechanisms 
of the newborn—compounded in this case by 
prematurity—and hence the importance of the 
maternal mechanism. The finding of an ele- 
vated spinal fluid protein content and the 
character of the electroencephalogram are 
similar to the findings in the few cases where 
these procedures were carried out.7:1° 

The toxicity of lethal doses of diphenylhy- 
dantoin is that of central action producing 
excitation followed by or alternating with de- 
pression, decerebrate phenomena, and opistho- 
tonic convulsions and terminating in respira- 
tory paralysis.1* When sublethal amounts were 
administered,!® the cerebellum was the most 
sensitive end organ and ataxia was noted in 
cats with doses of 8 mg. per kilogram per dav, 
comparable to approximately 600 mg. in a 70- 
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kg. man. Increasing the dose to 30 mg. per 
kilogram per day caused widespread destruc- 
tion of the Purkinje cells, and this pathologic 
observation has been correlated in one sub- 
ject who received large amounts of the drug 
for status epilepticus.'® In our case, there was 
no evidence of residual cerebellar damage. 
The metabolic fate?® of Dilantin is compli- 
cated by the fact that, although 50% of a given 
dose is excreted by the liver (the major fract- 
tion, as an acidic metabolite* and a smaller 
portion as free Dilantin), these hydantoins, 
rather than representing end products, furnish 
substrate for further reactions within the 
gastrointestinal tract, the products of which 
are reabsorbed and subsequently eliminated 
via the kidneys as predominantly neutral com- 
pounds. The major metabolic end product in 
the urine is 5-(p-hydroxyphenyl)-5-phenylhy- 
dantoin,*! a neutral compound which differs 
from the parent substance only by 5-hydroxy- 
lation of one of the phenyl rings in the para 
position. Because of the propensity of Dilan- 
tin and other structurally similar hydantoins 
to produce macrocytosis and, more rarely, 
megaloblastic anemia, an association between 
these compounds and folic acid metabolism is 
apparent and possibly exists in the nature of a 
metabolic (competitive?) inhibitor of folic-to- 
folinic acid conversion.22 In addition, ascorbic 
acid, a cofactor in this reaction, appears to be 
implicated either as a conditionally deficient 
vitamin or because the hydantoins per se may 
decrease the tissue content of vitamin C.22 
The finding of increased amounts of formimi- 
noglutamic acid in the urine in individuals 
with Dilantin-induced megaloblastic anemia 
further supports a folinic acid deficiency.?2 
The effect of these metabolic interrelations on 
the central nervous system remains obscure. 


SUMMARY AND CONCLUSIONS 


The few reported instances of severe Dilan- 
tin intoxication have been reviewed, and an 
additional case, occurring in a young pregnant 
woman who ingested 21.5 gm. of Dilantin 
and 2.4 gm. of phenobarbital, is recorded. 
A prolonged period of restless coma ensued, 
characterized by undulating levels of respon- 
siveness and reflex activity which made evalu- 


*Extracted from acidified bile into ethyl acetate 
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ation difficult and resulted in postponement 
of hemodialysis until one hundred thirty-eight 
hours postingestion. Response to dialysis was 
not dramatic, but the procedure may have 
prevented further neurologic deterioration. 
However, improvement was slow and gradual. 
The intoxication did not appear to affect ad- 
versely the infant born after the poisoning. 
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Evaluation of controlled 


digital artery compression in 


cerebral vascular insufficiency 


The ischemic response 


Juanita McBeath, M.D., Rose Winston, M.D., 
and Walter J. Friedlander, M.D. 


THAT DIGITAL CAROTID ARTERY compression 
can produce unconsciousness has been known 
for a very long time. The Assyrians are said to 
have utilized this procedure to produce anal- 
gesia during circumcision.' Rufus of Ephesus,” 
(98-117 A.D.) and Galen,* (131-201 A.D.) 
commented on the effects of digital carotid 
artery occlusion. The subsequent story of this 
maneuver contains many well-known names 
in medical history.*:* Of pertinence to this 
present paper is the reported use of digital 
compression of the carotids as a clinical test 
for carotid artery disease. Although there has 
been an increasing interest in the effects of 
digital compression of the carotids both in 
this country and in Europe, most reports of 
series of patients with carotid artery insuf- 
ficiency still do not include the results of this 
test. This present project was undertaken in 
order to evaluate this maneuver. 


TECHNIC 


The carotid artery in 479 patients was digi- 
tally compressed unilaterally on each side 
twice. Compression was continued about thirty 
seconds each time unless there was a signifi- 
cant cardiac slowing or change in the electro- 
encephalogram. Repeat studies were done on 
some patients. The patient was either lying 
supine or sitting in a semireclining position. 
Sudden—in contrast to gradual—compression 
was applied over the carotid artery at about 
the angle of the jaw; it was strong enough to 
occlude the pulse distally. Before, during, and 
after the compression, an electroencephalo- 


gram and an electrocardiogram were simul- 
taneously obtained. The former consisted of 
bilateral, paired, bipolar prefrontal-anterior 
parietal, anterior parietal-occipital, and an- 
terior temporal-posterior temporal leads and 
a left central temporal-right central temporal 
lead. The latter was a nonstandard lead ob- 
tained between the precordium and a scalp 
electrode. 

Only a minimum amount of selection was 
used in picking subjects; most of them were 
consecutive patients referred for electroen- 
cephalograms. However, patients with in- 
creased intracranial pressure, recent cerebral 
or subarachnoid hemorrhage, or recent myo- 
cardial infarctions were routinely excluded. 
Once the project was completed, each case 
was reviewed by one of us (W.J.F.). The 
decision was then made, independent of the 
effect of carotid compression, of course, as to 
whether the patient did or did not have cere- 
bral vascular insufficiency (CVI) and, if he 
did, whether it was unilateral or bilateral 
carotid and/or basilar “tree” insufficiency. 
Insufficiency was defined as enough impair- 
ment of arterial blood supply to the brain to 
cause a clinically discernible amount of brain 
malfunction; the degree of vascular insuffi- 
ciency varied from a minor to a total occlusion 
of a major vessel. Since, at times, it was diffi- 
cult enough to diagnose which of these major 


From the Electroencephalographic Laboratory, National 
Veterans Epilepsy Center, Neurology Section, Veterans Ad- 
ministration Hospital, Boston. 
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TABLE 1 


V.R.’s AND LR.’s OBTAINED BY CAROTID ARTERY COMPRESSION IN 446 PATIENTS WITH AND WITHOUT CVI 


Ages by decades 20 30 
No CVI 
Total patients 19 53 
V.R. with LR. 0 0 
V.R. without LR. 0 0 
I.R. without V.R. 0 2 
Unilateral carotid CVI 
Total patients 0 6 
V.R. with LR. 0 0 
V.R. without LR. 0 0 
1.R. without V.R. 0 2 


Bilateral carotid CVI 


Total patients 0 1 
V.R. with LR. 0 1 
V.R. without LR. 0 0 
1.R. without V.R. 0 0 
Basilar CVI only 
Total patients 1 0 
V.R. with LR. 0 0 
V.R. without LR. 0 0 
I.R. without V.R. 0 0 
Basilar plus unilateral carotid CVI 
Total patients 0 1 
V.R. with LR. 0 0 
V.R. without LR. 0 0 
I.R. without V.R. 0 0 
Basilar plus bilateral carotid CVI 
Total patients 0 0 
V.R. with LR. 0 0 
V.R. without LR. 0 0 
I.R. without V.R. 0 0 


V.R. = vagal response 
I.R. = ischemic response 


“trees” were at fault, it was decided to limit 
the divisions of arterial insufficiency to carotid 
and basilar trees rather than to attempt any- 
thing more specific. It should be emphasized 
here that our study has to do with carotid 
artery and/or basilar tree insufficiency within 
the limits that are defined here and is not 
limited to carotid artery occlusions as demon- 
strated by angiography, which has been the 
subject of some other papers dealing with the 
results of this particular test. The vast ma- 
jority of patients were examined by the Neuro- 
logical and/or Neurosurgical Services; the few 
remaining patients were seen only by the 
Internal Medicine Service. The diagnosis of 
CVI was based wholly on clinical signs and 
symptoms. The shortcomings of this technic 
were appreciated, but, since CVI is a patho- 


60 7 80 Total 
62 51 83 10 2 280 
0 2 9 2 0 13 
4 3 15 1 1 24 
4 4 7 1 0 18 
4 17 32 9 2 7 
0 9 4 1 0 14 
0 3 4 1 0 8 
2 0 4 1 0 9 
4 4 33 5 2 49 
2 0 6 2 0 ll 
1 0 7 2 1 ll 
0 1 4 0 1 6 
1 5 16 3 0 26 
0 0 4 2.°.@ 5 
0 1 1 1 0 3 
1 1 5 0 0 7 
0 1 + 0 0 6 
0 0 0 0 0 0 
0 0 2 0 0 2 
0 0 0 0 0 0 
1 3 9 2 0 15 
1 1 1 0 0 3 
0 0 2 0 0 2 
0 0 2 1 0 3 


physiologic entity, anything short of accurate 
measurements of cerebral blood flow, and this 
is to be questioned too, would be open to even 
greater inaccuracies. Those cases that had 
angiographic evidence of total or near total 
occlusion, that is, “good” anatomic evidence 
of insufficiency, invariably had signs and symp- 
toms sufficient to make a diagnosis of CVI on 
clinical grounds. On the other hand, several 
cases that showed mild or slight angiographic 
evidence of cerebral vascular disease gave no 
clinical evidence of the CVI syndrome. 

If, upon carotid compression, the pulse rate 
decreased to less than one half of the pre- 
compression rate, it was considered an ab- 
normal carotid sinus effect—a “cardioinhib- 
itory” effect manifest as a vagal response. If 
the patient demonstrated a vagal response, 
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compression was immediately released; he 
was then given enough atropine—usually 1.2 
mg.—subcutaneously to block the response, 
and the test was repeated in order to evaluate 
the effects of carotid occlusion independent of 
this carotid sinus effect.° The relation of a 
vagal response to CVI will be discussed else- 
where.® Hence, once a vagal response was 
eliminated, the changes due to compression 
of the carotid were considered due to digital 
occlusion of the artery and the subsequent 
cerebral ischemia. This “pure” effect of 
ischemia, that is, an ischemic response, was 
evidenced by slowing—ipsilaterally or gen- 
erally—in the electroencephalogram. Once 
definite electroencephalographic changes were 
seen, the compression was released. It is diffi- 
cult to define the limits of these changes other 
than to say that in order to be considered ab- 
normal, slow activity had to be obvious in at 
least one lead. The amount of atropine that 
was given did not appear to materially alter 
the slow wave electroencephalographic activity 
associated with carotid compression. 

The decision of whether any given patient 
had an abnormal ischemic response was based 
upon the results of all his compression tests, 
because the results were by no means the same 
each time a carotid artery was compressed. 


RESULTS 


In our initial series, the carotid artery in 
479 patients was compressed. However, of 
these, only 446 had electroencephalographic 
records that were sufficiently free of artifacts 
to arrive at a definite impression and clinical 
findings that were good enough to allow us to 
decide whether or not the patient had CVI or, 
if he did, which arterial tree or trees were 
involved (Table 1). It is with this smaller 
group that the following report deals. 

There were 280 patients without CVI and 
166 patients with localizable CVI. Graph 1 
illustrates the age distribution of the 2 groups. 

The decision to compress for thirty seconds 
was originally made rather arbitrarily. How- 


*Though blood pressures were not obtained, we had no basis 
from observation of the patient or his pulse rate to seriously 
consider a “depressor” type of carotid sinus effect as being 
an important element in the vast maiority of our patients; 
we agree with most recent authors*-" that the “‘cerebral” 
type of carotid sinus effect in most cases is actually due to 
cerebral ischemia secondary to carotid artery occlusion. 
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Graph 1. Age distribution of patient 


ever, as seen from Graph 2, the first 263 
ischemic responses obtained showed that 
nearly all of the responses occurred within 
twenty-four seconds, with the major peak 
between nine and eighteen seconds. Hence, 
this particular timing seems quite ideal. 

As patients without CVI grow older, they 
are more likely to have ischemic responses; 
however, patients with CVI may exhibit the 
same frequency of responses regardless of age 
(Graph 3). The median of the age distribu- 
tion is about 60 years. In patients under 60, 
the probability that chance alone can explain 
the difference in frequency of ischemic re- 
sponses between patients with and without 
CVI is very poor (p—=<.001); in patients 60 
or over, the difference in frequency ap- 
proaches significance (p—<0.1). Hence, an 


1 S 10 15 20 25 30 
Seconds of compression 


Graph 2. Time at which the IR. appeared 
in the first 263 I.R.’s that were 


This refers to the I.R.’s per se and not the 
number of patients in whom aa I.R. was 


obtained. 
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Graph 3. Frequency of I.R.’s 
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ated, that is, where there are 
only 1 to 4 patients in an age 
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ischemic response may be very useful in differ- 
entiating patients under 60 with CVI from 
those of similar age without CVI, but, in older 
patients, an ischemic response has less value. 

This difficulty in interpreting an ischemic 
response in an older patient applies when pa- 
tients without CVI are compared to all pa- 
tients 60 and over with CVI regardless of 
which arterial tree is insufficient. Does it make 
any difference if a specific tree is suspected 
of being the offender? To resolve this, the 
frequency of ischemic responses in patients 
60 vears of age and older without CVI was 


TABLE 2 
FREQUENCY OF LR.’s IN PATIENTS 60 OR OVER 


Num- Per 


Num- 
ber ber cent 
of of of 
patients I.R.’s LR.’s x 


Without CVI 
With CVI regardless 


95 19 20 


of specific tree 117 37 32 3.53 .05-.10 
Unilateral carotid 

insufficiency 43 10 23 0.44 50 
Bilateral carotid 

insufficiency 40 13 33 3.22 .05-.10 
Basilar insufficiency 19 10 53 8.17 <.01 


I.R. = ischemic response. 


compared with the frequency of responses in 
a similar age group with (1) unilateral carot- 
id tree without basilar tree insufficiency, (2) 
bilateral carotid tree without basilar tree in- 
sufficiency, or (3) basilar tree without carotid 
tree insufficiency. The results are listed in 
Table 2. It will be seen that the difference 
between patients without CVI and those with 
unilateral carotid tree CVI is not significant 
(p=0.50), but the difference between pa- 
tients without CVI and those with bilateral 
carotid tree CVI is questionably significant 
(p=<0.1) and the difference between pa- 
tients without CVI and patients with basilar 
tree CVI is quite significant (p=—<0.01). 
Therefore, given a problem in differential 
diagnosis simply between having or not having 
CVI, an ischemic response in an older individ- 
ual is of very limited value; but, if the differ- 
ential diagnosis is further qualified and the 
problem then becomes whether he does not 
have CVI versus whether he does have CVI 
of the basilar or bilateral carotid tree(s), an 
ischemic response may be of value even in a 
patient 60 or older, particularly if the clinical 
differential diagnosis is between no CVI and 
basilar tree CVI. 


The electroencephalograms in cases of 
ischemic responses were examined on the 
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Graph 4. The EEG formulas 
(see text) obtained in pa- 
tients with an IR. Some of 
the various formulas are not 
mutually exclusive, and, 
hence, any given patient may 
have several different formu- 
las. 


31-no CVI 


basis of several different formulas: Was the 
slow activity greatest in the frontal areas but 
equally so bilaterally? Was the slow activity 
almost wholly unilateral? Was there more slow 
activity in the temporal areas than in the 
frontal leads? Was slow activity greater in the 
posterior leads than in the frontal leads? Was 
about the same degree of slow activity seen 
in all leads? And/or was the slowing frontally 
not greater than, although perhaps equal to, 
that which was observed elsewhere? As seen 
in Graph 4, no particular formula can be cor- 
related with the insufficiency of any specific 
arterial tree or combination of trees, with the 
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Greatest anteriorly but equal bilateraily 
Almost wholly unilateral 

Temporal greater than frontal 

Posterior greater than frontal 


Same in all areas 


BOAUES 


Frontal change not the greatest 


24-unilateral 
carotid carotid 


17-bilateral 6-basilar plus 18-basilar and or 
bilateral carotid basilar plus 
unilateral or 
bilateral carotid 


12-basilar 


exception that in 24 cases of unilateral carotid 
tree insufficiency with ischemic responses, 
no case had electroencephalographic slowing 
in which the temporal slow activity was 
greater than the frontal slowing. Hence, the 
presence of such a response to carotid com- 
pression should make the electroencephalog- 
rapher suspect that more than just one carotid 
artery tree is insufficient. 

In 41 patients in whom at least a unilateral 
carotid angiogram was performed, complete 
occlusion of the internal carotid artery was 
demonstrated 5 times (Table 3). In each 
case, compression of the side that was oc- 


TABLE 3 
ARTERIAL OCCLUSIONS AND LR.’s DEMONSTRATED BY ANGIOGRAPHY 


Side on which 


angiogram was done Occlusion of Clinically, CVI on LR. 
Left and right Right internal carotid Left and right carotid None 
Left and right Left internal carotid Left and right carotid Right 
Left and right Left internal carotid Left carotid Right 
Left Left internal carotid Left and right carotid Right 
Left Left internal carotid Left carotid None 
Left Left internal carotid Left carotid None 

(incomplete ) 

Right Right internal carotid Left and right carotid Left and right 


(incomplete ) 


I.R. = ischemic response 


| 
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cluded did not produce an ischemic response. 
However, in the presence of partial occlusion, 
the ischemic response may appear when either 
the partially occluded side or the “good” side 
is compressed. Based on the clinical diagnosis 
(Table 4) in patients with only unilateral 
carotid tree insufficiency, a unilateral ischemic 
response was obtained by compression of the 
same side as the CVI in 5 cases and by com- 
pression of the “good” side in 16 cases. A uni- 
lateral ischemic response was obtained by 
compression on the same side as the electro- 
encephalographic focus in focally abnormal 
electroencephalograms in 5 cases and was ob- 
tained by compression of the opposite side 
as the electroencephalographic focus in 8 cases 
(Table 5). Hence, in a partial occlusion of the 
carotid tree, either side may yield an ischemic 
response, although it is usually elicited by com- 
pressing the “good” carotid; but, probably in a 
complete occlusion, the ischemic response can 
be elicited only on compression of the “good” 
side, although this last conclusion is based on 
only a few cases. 

This procedure proved to be not without 
serious side effects. Hemiparesis developed in 
2 patients hours after the compression. The 
condition cleared within a week in 1 patient, 
but the other, although he improved, still had 
residual signs a month later. These cases and 


TABLE 4 


I.R.’s OBTAINED BY COMPRESSION ON THE 
SIDES WITH AND WITHOUT CVI 


Number 
Side compressed of I.R.’s 
Clinically, CVI on same side as LR. 
Clinically, CVI on opposite side as IR. 16 
I.R. = ischemic response 
TABLE 5 


L.R.’s OBTAINED BY COMPRESSION ON THE SIDES 
WITH AND WITHOUT EEG FOCUS 


Side compressed of I.R.’s 
EEG focus on same side as I.R. 5 


EEG focus on opposite side as I.R. 8 


L.R. ischemic response 
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their implications will be discussed in more de- 
tail in our subsequent report.° 


DISCUSSION 


There has been some difference of opinion 
as to the occurrence of false positive responses, 
that is, ischemic responses in patients without 
CVI. Skillicorn and Aird'* obtained no signif- 
icant electroencephalographic changes in any 
of their 10 “healthy controls.” Weiss and Froe- 
lich'* had similar negative findings in 26 
“young adult controls.” Paillas and Bonnal'* 
compressed to the point of producing syncope 
and also reported no effect in their “healthy 
subjects” if the carotid sinus effect was ex- 
cluded. However, Webster and Gurdjian’’ re- 
ported that “in patients with hemiplegia or 
hemiparesis due to brain tumors or mass 
lesions, degeneration, inflammatory disease or 
trauma, syncope usually (italics ours) did not 
occur Also, positive findings (electro- 
encephalographic and ‘or syncope) have been 
reported by others in a wide variety of brain 
diseases, presumably without CVI.'*"5 In only 
11 of Skillicorn and Aird’s'? 15 patients with 
a positive response was a clinical diagnosis of 
“some form of cerebrovascular disease” made. 
Again, Weiss and Froelich" had positive elec- 
troencephalographic findings with carotid com- 
pression in 10 of 22 control patients who were 
matched according to age and older than the 
previously noted “young adult controls,” with 
10 carotid artery and 11 basilar artery insuffi- 
ciency cases. 

In our series, false positive responses oc- 
curred occasionally before the age of 60 and 
were frequent enough after the age of 60 to 
make this test of questionable value in older 
patients, with certain qualifications. Because 
of the selection of cases in our series, the re- 
sults of the carotid compression test did not in- 
fluence the clinical diagnosis. However, in the 
case of 1 patient, the initial clinical impression 
was swayed by this maneuver. This was an 
elderly male who presented with a fairly sud- 
den onset of hemiplegia without a previous 
history to suggest CVI; compression of the 
carotid on the side opposite the hemiplegia 
produced an ischemic response. Based on 
further studies, the diagnosis was subsequently 
changed to brain tumor; this was confirmed 
by surgery. At autopsy, some degree of cere- 
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bral vascular disease without total occlusion 
was found. We feel that this case was par- 
ticularly informative to us and it, together with 
our findings described before in elderly pa- 
tients, has led us to interpret an ischemic re- 
sponse, at least in patients over 60, with con- 
siderable caution. We feel that this test both 
in regard to positive and negative findings 
must rigorously adhere to the axiom that clin- 
ical findings take precedence over laboratory 
findings. 

In regard to the use of this test for prognosis, 
Paillas and Bonnal' feel that a negative test in 
cases in which there is angiographic evidence 
of carotid thrombosis is a favorable prognos- 
tic sign but that, if the test remains positive 
months after the thrombosis, improvement is 
unlikely. There is considerable difference of 
opinion in regard to the value of digital carotid 
compression with electroencephalographic con- 
trol in patients about to be subjected to ca- 
rotid artery ligation.'°-°! This may imply that 
patients with an existing collateral cerebral 
circulation that will be insufficient to prevent 
signs of cerebral vascular insufficiency when 
their cerebral circulation is ultimately sub- 
jected to a major vascular insult cannot be 
detected by digital occlusion of the carotid. 
It would then follow that a negative test does 
not necessarily imply the existence of a cer- 
ebral vascular collateral system that can ade- 
quately cope with a major insult. 

Our series, of course, does not contain mate- 
rial that will allow us to offer any definite evi- 
dence as to whether a positive response is of 
prognostic value. However, the shape of the 
curve depicting the frequency of incidence of 
ischemic and vagal responses® in patients with- 
out CVI shows that there is some mechanism 
that produces a gradually increasing incidence 
of positive tests, so that ultimately the frequency 
of positive tests in patients with and without 
CV1 approximate each other. If, indeed, the test 
measures collateral cerebral circulation, a proc- 
ess which can progressively decrease, this 
would be the increasing incidence and/or 
severity of atheromas in the arteries supplying 
the brain. Hence, it can be suggested that a 
positive response in a patient without CVI may 
be indicative of a “subclinical” CVI and that 
this test then offers a prognostic clue. This 
concept of a subclinical CVI is consistent with 
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the studies of cerebral blood flow that Fazekas 
and associates** summarize by stating, ~. 

in the average elderly person, in spite of ab- 
sence of clinical involvement of the nervous 
system, some degree of arteriosclerosis was evi- 
denced by an increase in cerebral vascular re- 
sistance and a reduction in cerebral blood flow 
from values seen in the younger group.” We 
hope to do a five to ten year follow-up study 
on our patients in an attempt to verify this 
hypothesis. 

Although we have used the electroencephalo- 
gram as our “endpoint,” the main purpose of 
our investigation was to evaluate the digital 
carotid artery compression test in the diagnosis 
of CVI. The general description of the electro- 
encephalographic alterations associated with 
carotid compression has been reported by 
others.'2 2%-26 


SUMMARY 


1. In order to evaluate unilateral digital 
compression of the carotid artery as a clinical 
test for the diagnosis of cerebral vascular in- 
sufficiency, this maneuver was employed in 
280 patients without CVI and in 166 patients 
with CVI. Electroencephalographic changes 
were used as an endpoint. 

2. After the age of 60, the incidence of false 
positive findings are such as to limit the value 
of this test in clinical diagnosis, with certain 
definite qualifications; but, before this age, a 
positive response may be quite useful. 

3. Within narrow limits, the location of the 
major electroencephalographic changes may 
aid in localizing vessels that are insufficient. 

4. The procedure is not without risks. 
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Relation of electroencephalogram 


to blood pressure in elderly persons 


Walter D. Obrist, Ph.D., Ewald W. Busse, M.D., 
and Charles E. Henry, Ph.D. 


IN A PREVIOUS sTUDY on aged psychiatric pa- 
tients,! it was unexpectedly found that mild 
elevations in blood pressure tended to be 
associated with a relatively high incidence of 
normal electroencephalograms. Conversely, a 
large proportion of individuals with normo- or 
hypotensive pressures had _ electroencephalo- 
graphic abnormalities, particularly diffuse 
slowing. The relationship between blood pres- 
sure and the electroencephalogram was most 
apparent in patients with clincial evidence of 
cardiovascular disease. 

These findings suggested that blood pressure 
may be a factor influencing the type of electro- 
encephalogram obtained in elderly psychiatric 
patients. It was speculated that mild eleva- 
tions in pressure are helpful in preserving 
electroencephalographic normality by main- 
taining adequate cerebral circulation. On the 
other hand, relative hypotension might impair 
cerebral circulation, thus contributing to pro- 
duction of electroencephalographic abnormal- 
ities. 

The literature offers some evidence in sup- 
port of such a hypothesis. Increased cerebro- 
vascular resistance with a concommitant de- 
crease in cerebral blood flow is a common find- 
ing among elderly persons studied by the ni- 
trous oxide technic.** Because the amount of 
blood flowing through the brain is directly 
related to blood pressure and inversely related 
to vascular resistance, it follows that subjects 
who have a high pressure relative to resistance 
are better able to maintain adequate cerebral 
blood flow. However, many patients suffering 
from arteriosclerosis and senile mental de- 
terioration have reduced cerebral blood 


flow,*> indicating that their blood pressure is 
not sufficient to overcome the increased vas- 
cular resistance. 


It is well known that disturbances in cir- 
culation to the brain are associated with ab- 
normal electroencephalograms, particularly a 
shift to slower frequencies.* For example, dif- 
fuse delta and theta activity is prominent in 
patients with congestive heart failure’ and 
orthostatic hypotension,’ whereas focal slow- 
ing is prevalent in cases of cerebral infarc- 
tion'®-'* and basilar or carotid artery throm- 
bosis.‘*-'* Many of these changes are reversible 
when the critical circulation is reestablished. 
In studies on cerebral vascular insufficiency,'*-" 
slow wave abnormalities have been produced 
in animals by arterial ligation and hemorrhagic 
hypotension. Similar electroencephalographic 
changes can be brought about in human beings 
with cerebrovascular disease by either carotid 
artery compression’? or hypotension induced 
by tilting."* 

The above research indicates that brain 
potentials become significantly slower when 
cerebral blood flow and blood pressure are 
reduced. Because slow wave abnormalities are 
a common feature of the senescent electro- 
encephalogram,'*-*! the question arises wheth- 
er they might result from circulatory defi- 
ciencies. The problem is especially relevant to 
aged psychiatric patients, many of whom have 
severely slow tracings.*?-** 

The present study relates one aspect of 
cerebral hemodynamics — blood pressure — to 
routine clinical evaluations of the electroen- 
cephalogram. Results are reported on 494 
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elderly persons, including mental hospital pa- 
tients, residents of a home for the aged, and 
community volunteers. 


METHODS 


Subjects. A total of 233 psychiatric patients 
were examined from 4 mental hospitals: In- 
stitute of Living, Hartford, Conn., 62; Norwich 
State Hospital, Norwich, Conn., 40; Colorado 
Psychopathic Hospital, Denver, 74; and Um- 
stead State Hospital, Butner, N. C., 57. The 
group consisted of 114 males and 119 females, 
all Caucasian. Their ages ranged from 61 to 
100, with a mean of 74.8 vears. All but 7 were 
recent hospital admissions. The diagnoses 
were hetrogeneous, approximately half of the 
group manifesting chronic or acute brain syn- 
drome. The remaining half had functional dis- 
orders of various types, primarily depressive 
reaction, paranoid state, and adjustment re- 
action of late life. Representation was thus 
obtained of the major diagnostic categories 
comprising senile mental disease. 

A control group of 261 mentally normal 
subjects was comprised of 60 residents of 
Moosehaven, a fraternal home for the aged in 
Orange Park, Fla.; 122 community volunteers 
in Denver; and 79 community volunteers in 
Durham, N.C. There were 156 males and 
105 females, all Caucasian, ranging in age 
from 60 to 94, with a mean of 73 years. (One 
subject, age 112, was outside of this range.) 
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None of these subjects was psychotic, none 
was hospitalized, and all were ambulatory. A 
few were recruited through medical clinics, 
but a large majority were volunteers respond- 
ing to appeals made through clubs, church or- 
ganizations, or personal contacts. 

No attempt was made to control factors of 
physical health or disease in the selection of 
either the patients or the mentally normal sub- 
jects. In consequence, there existed a wide 
range of physical pathology, including many 
cases of cardiovascular and neurologic dis- 
orders. A few patients had a history of electro- 
shock therapy, but none within six months pre- 
ceding the electroencephalogram. Subjects 
were not excluded on the basis of medication, 
although careful note was made of all drugs 
taken. 

Blood pressure determinations. Blood pres- 
sures were determined by auscultation with a 
mercury manometer during routine physical 
examination. Each systolic and diastolic value 
was based on the mean of two or more read- 
ings. Attempts were made to record blood 
pressure during a period of the examination 
when the subject was most relaxed. Readings 
were made with the subject in a recumbent or 
sitting position, depending upon the institution 
involved. Although the methods and personnel 
varied from hospital to hospital, they were 
reasonably constant within a given institution. 
Also, 36 of the psychiatric patients were 


TABLE 1 


CLASSIFICATION OF SUBJECTS ACCORDING TO BLOOD PRESSURE 


Psychiatric patients (233) 
Range of mean pressures® 


Equivalent 
systolic : diastolic pressure 
Number of cases 

Control subjects (261) 
Range of mean pressures® 
Equivalent 
systolic ; diastolic pressure 


Number of cases 


Blood pressure level 
I II III 


IV 

74-95 95 - 106 106 - 117 117 - 166 
100 - 125 125 - 140 140 - 158 158 - 230 
55 72 72 80 80 87 87 120 

58 58 59 58 
77-99 99 - 107 107 - 121 121 - 180 
108 - 130 130 - 140 140 - 160 160 - 250 
55 75 75 82 82 92 92 130 

65 66 65 65 


*Mean blood pressure (geometric) = \/systolic < diastolic 
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receiving tranquilizers with hypotensive quali- 
ties, for which appropriate statistical allow- 
ance was made. 

To facilitate handling of data, a single aver- 
age blood pressure was computed for each sub- 
ject. This consisted of the geometric mean of 
the systolic and diastolic pressures, which more 
closely approximates the average arterial pres- 
sure than does the arithmetic mean.*° 

The psychiatric patients and control sub- 
jects were ranked separately according to their 
mean blood pressure. Each group was then 
divided into quarters, yielding subgroups of 
equal size at 4 different blood pressure levels. 
Table 1 presents the resulting classification, 
with the range of mean pressures indicated 
for each level. The systolic: diastolic values 
corresponding to the various mean pressures 
are also shown. 

Electroencephalographic evaluation. Elec- 
troencephalograms were recorded on 8-chan- 
nel Grass equipment, utilizing a minimum of 
12, but usually 15, electrodes. Low anterior 
temporal electrodes were applied to all sub- 
jects except those in the Moosehaven sample. 
Both scalp-to-scalp and scalp-to-ear record- 
ings were obtained. Occasional mild sensory 
stimulation was used to maintain wakefulness 
during the test; only waking portions of a 
record were employed in the present analysis. 
Electroencephalograms were interpreted with- 
out knowledge of blood pressure findings. In 
fact, at the time the tracings were read, none 
of the investigators was aware of a possible 
correlation with blood pressure. 

Electroencephalograms were classified as 
normal or abnormal according to generally 
accepted adult standards.?*-?* Alpha activity 
between 8 and 12 cps was considered normal, 
as was irregular low voltage fast activity. Ab- 
normal tracings were subdivided into 4 cate- 
gories: 

Excess fast, defined as rhythmic waves 
above alpha frequency, greater than 20 micro- 
volts, and persisting in one or more leads. 

Focal slow, consisting of more than normal 
amounts of delta or theta activity (1 to 7 cps), 
localized to a particular head region. Although 
often unilateral, the homologous area of the 
opposite hemisphere was sometimes involved. 

Diffuse slow, characterized by delta or theta 
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waves (1 to 7 cps), present bilaterally and in- 
volving 3 or 4 of the major head regions (an- 
terior, central, posterior, and lateral). Because 
of their usually wide distribution, alpha 
rhythms under 8 cps were also regarded as 
diffusely slow. 

Mixed slow, defined as diffuse slowing with 
a focal accentuation of slow waves over a 
given area. 

Records with both fast and slow activity 
were classified in the slow category, since the 
latter was believed to be of greater clinical sig- 
nificance. Tracings with an amplitude asym- 
metry of alpha rhythm were not regarded as 
abnormal in the absence of deviations in fre- 
quency. A few subjects showed spikes or other 
dysrhythmic potentials in association with slow 
waves, but only the slow activity was con- 
sidered in classifying such records. 


No, of 
Patients 
Normal EEG 
253 
154 
Excess Fast 
0, 
25-4 
204 
154 
104 Diffuse Slow 
Mixed Slow 
54 
I ll IV 
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Fig. 1. Incidence of electroencephalographic 
findings as a function of bl pressure in 
233 aged psychiatric patients. Level I indi- 
cates the lowest pressures; level IV indicates 
the highest. 
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RESULTS 

Psychiatric patients. Figure 1 shows the 
electroencephalographic findings _ plotted 
against blood pressure level for the 4 hospital 
groups combined. As blood pressure increases, 
the number of normal tracings almost triples, 
while the number of electroencephalograms 
with diffuse or mixed slow activity declines 
approximately one-half. The incidence of focal 
slow or excess fast activity does not vary ap- 
preciably with blood pressure, there being a 
slight tendency for these types to increase at 
higher pressures. 

It would appear that diffuse slow activity, 
in contrast to other types of abnormality, is 
the —electroencephalographic characteristic 
most likely to be associated with low blood 
pressure in aged psychiatric patients. Such a 
generalization would include the findings on 
mixed slow activity, since the latter has a 
diffuse slow component. As a means of sim- 
plifying further statistical analysis, it seemed 
justifiable to combine the diffuse and mixed 
categories, thus forming a single group with 
the common feature of diffuse slowing. These 
individuals were then compared with the re- 
maining subjects who did not manifest diffuse 
slowing — the combined normal, focal slow, 
and fast groups. 

Table 2 reveals the incidence of the 2 
major electroencephalographic types in rela- 
tion to blood pressure. More than twice as 
many normal, fast, and focal slow tracings are 
found at the highest than at the lowest blood 
pressure level. Conversely, the number of rec- 
ords with diffuse and mixed slowing is maxi- 
mum at the lowest blood pressure level, de- 
clining to less than half as the pressure in- 


TABLE 2 
ELECTROENCEPHALOGRAPHIC FINDINGS AT 4 
BLOOD PRESSURE LEVELS IN AGED 
PSYCHIATRIC PATIENTS 


Electroenceph- Number of cases 


alographic Mean blood pressure 
type 74-95 95-106 106-117 117-166 Total 
Normal, excess 
fast, focal slow 17 25 37 39 118 
Diffuse slow, 
mixed slow 41 33 22 19 115 
Total cases 58 58 59 58 233 


Chi-square = 21.9 (d.f. = 3); significant at the .001 level 


TABLE 3 


RELATION OF ELECTROENCEPHALOGRAM TO 
BLOOD PRESSURE IN PATIENTS NOT TAKING 


TRANQUILIZERS 
Electroenceph- Number of cases 
alographic Mean blood pressure 
type 74-95 95-106 106-117 117-156 Total 
Normal, excess 
fast, focal slow 17 19 33 32 101 
Diffuse slow, 
mixed slow 32 31 16 17 96 
Total cases 49 50 49 49 197 


Chi-square = 17.8 (d.f. = 3 ); significant at the 001 level 


creases. The difference between electroen- 
cephalographic types is highly — significant 
statistically. 

Because 36 of the patients were taking tran- 
quilizers with hypotensive qualities, it might 
be argued that the above findings are due to 
the effects of medication. A separate analysis 
was therefore made of the 197 patients not 
taking tranquilizers. In order to keep the num- 
ber of subjects at the 4 blood pressure levels 
constant, a slight reshuffling of cases became 
necessary. This did not affect the cutoff points 
between blood pressure levels, since the ex- 
cluded patients were distributed uniformly 
over the blood pressure range. 

Table 3 presents the results of this analysis, 
which are essentially the same as the previous 
findings based on the total sample. A chi- 
square of the size obtained would be expected 
by chance less than once in a thousand times. 
It is interesting to note that patients not on 
tranquilizers show a rather abrupt change in 
incidence of electroencephalographic type 
around a mean blood pressure of 106. 

Since there were slight variations in technic 
among the 4 mental hospitals, it seemed de- 
sirable to plot the findings separately for each 
institution. Figure 2 compares the 4 hospitals, 
indicating the per cent of cases from each with 
a given electroencephalographic type and 
blood pressure level. It can be seen that, re- 
gardless of the hospital, there is an increasing 
incidence of normal, fast, and focal slow elec- 
troencephalograms at elevated blood pres- 
sures. Conversely, low pressures are associated 
with a higher percentage of diffuse and mixed 
slow tracings. The consistency of these findings 
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is noteworthy in view of the fact that investi- 
gators at the Institute of Living and Norwich 
State Hospital worked independently of those 
at the Colorado Psychopathic and Umstead 
State hospitals. 

Control subjects. Table 4 presents the elec- 
troencephalographic and blood pressure re- 
sults on the mentally normal control subjects. 
It is immediately obvious that there are fewer 
electroencephalograms with diffuse slow ac- 
tivity. Whereas 115 (49%) of the psychiatric 
patients had diffuse or mixed slowing, only 
38 (15%) of the controls manifested such ab- 
normalities. This difference is significant at 
the 0.001 level (chi-square=69.7; d.f.=1). In 
contrast to the psychiatric patients, there ap- 


TABLE 4 
ELECTROENCEPHALOGRAPHIC FINDINGS AT 4 
BLOOD PRESSURE LEVELS IN ELDERLY 
CONTROL SUBJECTS 


Electroenceph- Number of cases 


alographic Mean blood pressure 
type 77-99 99-107 107-121 121-180 Total 
Normal, excess 
fast, focal slow 59 52 57 55 223 
Diffuse slow, 
mixed slow 6 14 8 10 38 
Total cases 65 66 65 65 261 


Chi-square = 4.1 (d.f. = 3); not significant 


pears to be no correlation between electroen- 
cephalogram and blood pressure level among 
control subjects. Each type of electroen- 
cephalogram was about equally prevalent 
throughout the blood pressure range. A chi- 
square test of these findings was not signifi- 
cant. Separate analysis of the various electro- 
encephalographic subcategories (normal, fast, 
focal, diffuse, and mixed) failed to reveal any 
additional trends. 

Figure 3 graphically contrasts the patients 
and. control subjects in terms of the percentage 
in each group with a given electroencephalo- 
graphic type and blood pressure level. As noted 
above, variations in the curve for control sub- 
jects are minimal and nonsignificant. Psychi- 
atric patients, on the other hand, show a 
steadily increasing or decreasing incidence, de- 
pending on electroencephalographic type. Al- 
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Fig. 2. Relation of electroencephalogram to 
blood pressure level plotted separately for 
4 mental hospitals (names abbreviated). 
Percentages are based on the number of 
cases studied at each institution. 
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Fig. 3. Comparison of psychiatric patients 
and control subjects with respect to the re- 
lationship between electroencephalogram and 
blood pressure. Percentages were computed 
separately for 233 patients and 261 controls. 
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though the curves for patients and controls are 
reliably different throughout, they are most 
discrepant at the lowest blood pressure level 
(1). As blood pressure increases, the per- 
centage of psychiatric patients with a given 
type of electroencephalogram approaches that 
of the control subjects. 


DISCUSSION 


The results confirm the previous observation 
of Obrist and Henry' that electroencephalo- 
graphic abnormality in aged psychiatric patients 
is related to blood pressure. Specifically, there 
are a greater number of normal electroen- 
cephalograms at high blood pressure levels 
and more abnormal electroencephalograms at 
low levels. Not all types of abnormality, how- 
ever, are associated to the same degree with 
blood pressure. Only tracings with diffuse slow 
activity (with or without focal accentuation ) 
show an appreciable correlation. The incidence 
of excess fast activity or focal slowing varies 
only slightly with blood pressure. 
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Fig. 4. Distribution of systolic and diastolic 
blood pressures in the sample of aged psy- 
chiatric patients 
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Most of the focal abnormalities reported 
here consist of slow waves over the anterior 
temporal area, a common finding in elderly 
persons.*°-?! It is of special interest that these 
foci are not related to blood pressure in the 
same manner as is diffuse slowing. Among 
psychiatric patients, the relationship tends to 
be in the opposite direction. Focal delta and 
theta activity increases slightly at high blood 
pressure levels, as diffuse slowing undergoes 
marked decline (Fig. 1). Since a low systemic 
pressure might be expected to have a gen- 
eralized effect on the brain, it is not surprising 
that it is associated with diffuse rather than 
focal electroencephalographic disturbances. 

These findings are consistent with the work 
of Harvald,** who compared elderly hyper- 
tensive and arteriosclerotic patients. He found 
fewer diffuse dysrhythmias among _hyper- 
tensive patients, although focal abnormalities 
were common. Arteriosclerotic patients, on the 
other hand, showed more diffuse slowing. 
Similar observations have been made by Las- 
calea®® on elderly patients with cerebral vas- 
cular disease. Maggs and Turton*® and Tur- 
ton*' have stressed that hypertension in aged 
psychiatric patients is quite compatible with 
a. normal electroencephalogram. The latter 
noted a tendency for diffuse slow waves to 
occur at low blood pressures. However, these 
authors did not obtain statistically significant 
correlations, probably because of restrictions 
in sampling. Their groups were comprised 
mainly of patients with depressive reactions, 
with few cases of organic dementia. In the 
present series, the association of low blood 
pressure with diffuse slowing was found pre- 
dominantly in patients having chronic brain 
syndrome. This interaction of blood pressure, 
electroencephalogram, and psychiatric diag- 
nosis will be reported separately. 

The fact that elevated blood pressure is as- 
sociated with more normal electroencephalo- 
grams appears to be contrary to the generally 
accepted view that hypertension is detrimental 
to the well-being of a patient. Indeed, electro- 
encephalographic abnormalities have previ- 
ously been reported in patients with hyper- 
tension.*?:3* It should be noted, however, that 
these earlier findings were based on patients 
with severe, malignant hypertension, some- 


RELATION OF EEG TO BLOOD PRESSURE 


times accompanied by encephalopathy or vas- 
cular accidents. In the present sample, very 
few of the psychiatric patients had severe hy- 
pertension. On the contrary, the average blood 
pressure is below the norm reported by Master, 
Lasser, and Jaffe** at this age level, all but a 
few of the values lying within the range of 
their healthy group. Figure 4 presents the dis- 
tributions of systolic and diastolic blood pres- 
sure for the 233 psychiatric patients. Only 8 
subjects had a systolic pressure of 200 or more, 
while 11 had diastolic pressures of 110 or 
above. It must be concluded that the distribu- 
tion obtained here is similar to that expected 
for healthy subjects of the same age. The find- 
ings do not argue against the occurrence of 
abnormal electroencephalograms in patients 
with severe hypertension. Rather, they indi- 
cate an association of mild elevations of blood 
pressure with normal electroencephalograms. 

An unexplained result is the lack of correla- 
tion between electroencephalogram and blood 
pressure in mentally normal control subjects. 
It is interesting to speculate what factors 
might be responsible for the difference be- 
tween patients and controls in this respect. 
Dovenmuehle, Newman, and Busse**® com- 
pared elderly mental hospital patients with 
community volunteers matched for age, sex, 
race, and education. A slight but significant 
reduction in blood pressure was found for the 
hospital group. The psychiatric patients 
studied here also have slightly lower pressures 
than do the control subjects (Table 1), but 
the difference could easily be attributed to 
chance. It is hard to believe that such a minor 
difference in blood pressure could account for 
the large discrepancy electroencephalo- 
graphic findings. 

Previously, it was found that the correlation 
between blood pressure and electroencephalo- 
gram was higher among aged psychiatric pa- 
tients with clinical evidence of cardiovascular 
disease, particularly arteriosclerosis. It might 
be argued that such patients have increased 
cerebral vascular resistance. If so, blood pres- 
sure would play a critical role in maintaining 
circulation. As noted in the introduction, ade- 
quate blood flow to the brain is necessary for 
the preservation of electroencephalographic 
normality. Patients whose blood pressure is 
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not sufficient to overcome increased vascular 
resistance would have reduced cerebral blood 
flow, a condition favoring the development of 
diffuse slow waves. Electroencephalographic 
differences between elderly psychiatric pa- 
tients and mentally normal persons may be due 
in part to the greater severity of cerebral 
arteriosclerosis in the former group. To the 
extent that vascular resistance is lower in 
control subjects, blood pressure would be less 
critical in maintaining circulation and hence 
would correlate poorly with the electroen- 
cephalogram. 

The hypothesis is proposed that diffuse slow 
activity in aged psychiatric patients results 
from the combination of a relatively low blood 
pressure and cerebral arteriosclerosis. Al- 
though neither factor alone is sufficient to pro- 
duce electroencephalographic changes, when 
occurring together, they may have significant 
effects. A substantial number of psychiatric 
patients in the current study have reduced 
blood pressure in the presence of clinically 
diagnosed cardiovascular disease. A com- 
parable situation does not exist in the control 
subjects, who, on the contrary, tend to have 
elevated blood pressure in association with 
arteriosclerotic signs. These findings suggest 
that cerebral blood flow is the crucial variable 
underlying diffuse slow wave abnormalities in 
aged psychiatric patients. Evidence support- 
ing this hypothesis will be the subject of an- 
other paper. 


SUMMARY 


The relationship between clinical electro- 
encephalographic findings and blood pressure 
was investigated in 233 psychiatric patients 
and 261 mentally normal controls over 60 
years of age. Among psychiatric patients, ele- 
vated blood pressure is associated with a 
higher incidence of normal electroencephalo- 
grams, while reduced blood pressure is related 
to diffuse slow wave abnormalities. A similar 
correlation was not obtained for the control 
subjects, who showed considerably less diffuse 
slow activity. These results were discussed in 
relation to cerebral hemodynamic factors, with 
the suggestion that impaired cerebral blood 
flow is important in the etiology of such slow- 
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Neuromuscular toxicity of 


veratrum alkaloids 


Maj. Earl J. Kolb, Jr., 


VERATRUM 


ALKALOows have been used for 
many years in the treatment of hypertension 
with some limited success. During the past 
decade, there has been renewed interest and 
systematic investigation of the pharmaco- 
therapy of hypertensive disease, and the vera- 
trum alkaloids have been extensively restudied 
as to both their effectiveness and untoward 
results.‘-1° Even with the more purified pre- 
parations of veratrum alkaloids now available, 
their effectiveness has been sharply limited by 
the narrow range between therapeutic and 
toxic doses. The usual toxic side effects are 
nausea, vomiting, and bradycardia, the last 
being relatively insignificant. 

Toxic effects on the neuromuscular system 
have not been described in man, although 
there is extensive literature on the use of 
veratrum alkaloids in experimental studies on 
the physiology of the peripheral nerve and 
skeletal muscle in lower animals.*: 1° ™ 

It is the purpose of this report to describe 
four patients in whom the usual toxic side 
effects were not observed and to whom much 
larger doses of veratrum alkaloids therefore 
could be administered in an attempt to con- 
trol the hypertensive process. During the 
course of therapy, reversible neuromuscular 
toxicity of veratrum alkaloids was observed in 
these patients, which produced characteristic 
muscular and peripheral nerve effects similar 
to those described in experimental prepara- 
tions. The possible relationship to myotonia 
congenita is discussed. 


CASE REPORTS 


Case 1. A 26-year-old man was found to have 
severe hypertension during a periodic physical ex- 
amination. He was fully asymptomatic and un- 
aware of prior blood pressure elevation or urinary 
tract infection, although transitory proteinuria was 
detected two years before admission during an- 


M.C., U.S.A.F., and Julius Korein, M.D. 


other periodic examination. His mother died at the 
age of 38 of “uremia.” 

Physical examination disclosed a blood pressure 
of 220/140; there was minimal arteriolar narrow- 
ing on fundoscopy. The remainder of the examina- 
tion was unremarkable. Urinalysis showed a 2+ 
qualitative reaction for protein and a large number 
of granular casts. Quantitative urine protein varied 
between 0.7 and 0.86 gm. per day, and blood urea 
nitrogen was 24 and 27 mg. per cent. Blood elec- 
trolytes were normal. Roentgenographic examina- 
tion of the chest showed minimal left ventricular 
enlargement. Standard electrocardiogram showed 
changes indicating left ventricular hypertrophy and 
“strain.” Phenolsulfonphthalein excretion was im- 
paired to 10% in fifteen minutes, with a 40% two- 
hour total. Overnight concentration was limited to 
1.018. Intravenous pyelogram and _ retrograde 
studies were negative. Percutaneous renal biopsy 
demonstrated moderately advanced pyelonephritis. 

Therapy with Veralba was begun after several 
weeks of careful blood pressure follow-up. During 
this pretreatment period, the blood pressure ranged 
between 250/150 and 180/115. Treatment with 
Veralba was initiated and increased to 1 mg. every 
six hours without any symptomatic difficulties at 
first but with lowering of the blood pressure to 
about 120/80 mg. Hg. After a period of ten days 
on a dose of 4 mg. of Veralba per day, the patient 
complained of intermittent “numbness and weak- 
ness” of the upper extremities. After discharge, 
with return to his usual physical activities, more 
pronounced symptoms appeared. Periodic “quiver- 
ing and weakness” of his forearms, hands, and legs 
would appear after physical activity. The hands 
and forearms were most affected after typing, 
which was an important activity in his daily work. 
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The patient would note a sensation of “tightness” 
of both wrists and fingers which made the perform- 
ance of fine activity such as typing impossible. 
With persistence of activity, uncontrollable, coarse, 
jerking tremor of the upper extremities would ap- 
pear and finally developed into flexor spasm with 
“drawing up” of the hands and wrists in a flexed 
position. Although less prominent, there was simi- 
lar involvement of the lower extremities with in- 
version of the ankles. The patient could not volun- 
tarily extend the extremity at the height of the 
attack. The duration of these symptoms was two 
to sixty minutes, being related to the degree of 
preceding physical activity. The patient himself 
suspected a relationship to his veratrum therapy 
because the symptoms would start approximately 
one hour after ingestion of the drug. He discovered 
that, by reducing each dose of Veralba by 0.2 mg., 
tetanic flexion would be alleviated. Complete 
cessation of therapy and placebo substitution were 
followed by total disappearance of these difficul- 
ties. Examination during an attack on one occasion 
showed bilateral, symmetric, myotonic-like contrac- 
tion of the musculature of the forearms and hands 
with tetanic spasm of the flexors lasting approxi- 
mately three minutes. Chvostek’s sign was negative 
at this time. Hyperventilation failed to induce 
carpopedal spasm. Laboratory studies including 
electrolytes and calcium were normal. Reduction 
of the dose of Veralba to 3 mg. per day plus ad- 
dition of cholorothiazide maintained an adequate 
antihypertensive effect during a follow-up period 
of four months with disappearance of the muscular 
symptoms. 

Case 2. The patient was a 46-year-old man who 
was electively studied because of significant blood 
pressure elevation detected during a periodic ex- 
amination. He was fully asymptomatic and had no 
previous knowledge of hypertension. Examination 
disclosed a blood pressure of 195/115 and arterio- 
lar narrowing, tortuosity, and AV compression on 
fundoscopy. Significant left ventricular enlarge- 
ment was found by physical, radiologic, and elec- 
trocardiographic examinations. Blood urea nitrogen, 
blood electrolytes, intravenous pyelogram, and 
renal function survey were normal. Phentolamine 
test was negative for pheochromocytoma. 

Approximately one hour after administration of 
his first morning dose of 0.6 gm. of Veralba, he 
noted “cramps” of the right hand with develop- 
ment of inability to perform purposeful movements 
of the hand and complete inability to oppose the 
thumb and index finger. The entire hand became 
“stiff.” Examination disclosed spasm of the mus- 
culature of the hand including flexors and extensors 
of the fingers. These symptoms subsided com- 
pletely within a period of thirty minutes. No other 
neurologic abnormalities were noted at this time. 
Veralba therapy was continued at the same dosage 
schedule of 0.6 mg. every six hours. Approxi- 
mately forty-eight hours later, the afore-mentioned 
symptoms recurred, while the patient was on a 
home visit. The event was precipitated by his using 
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his hands in operating power tools. This time both 
hands were involved in a symmetric fashion. Again, 
these symptoms disappeared spontaneously within 
a thirty- to forty-five-minute period. On the follow- 
ing day, diffuse “numbness” of the tongue ap- 
peared within thirty minutes of a 0.6 mg. dose of 
Veralba. This was described as “if Novocaine was 
injected throughout the tongue.” His speech be- 
came slurred, and considerable difficulty in swal- 
lowing was apparent. Examination of the tongue 
showed it to be in spasm with virtual loss of volun- 
tary protrusion and retraction. No sensory changes 
or neurologic signs were noted elsewhere. This 
disturbance was again self-limited, lasting about 
fifteen to twenty minutes. Veratrum therapy was 
discontinued, with complete disappearance of the 
afore-mentioned symptomatology after a two- 
month follow-up period. 


Case 3. The patient was a 38-year-old man who 
complained of intermittent headache over a two- 
year period. Blood pressure elevation had been 
known for at least one year, and medication with 
reserpine had been employed with some sympto- 
matic benefit. There were no other symptoms of 
note. Examination disclosed moderate obesity. The 
blood pressure was 200/120. Minimal retinal ar- 
teriolar narrowing and increased tortuosity of these 
vessels were found. The chest film and electro- 
cardiogram showed moderate left ventricular en- 
largement. Renal function survey was normal. 
Phentolamine test was negative. Pretreatment 
blood pressure ranged between 220/125 to 170/ 
110; no significant lowering attended sedation 
with amobarbital. 

Treatment with Veralba was begun on an out- 
patient basis with the original dose of 0.2 mg. 
every six hours being gradually raised to a total 
daily dose of 4 mg. given in equally divided doses 
at approximately six-hour intervals. No side effects 
other than occasional episodes of “light-headed- 
ness” were noted over a period of several months, 
and moderate antihypertensive effect appeared 
with blood pressures ranging between 160/100 and 
140/90. The headaches disappeared. Approxi- 
mately three months after institution of this pro- 
gram, several bouts of “paralysis of the tongue” 
appeared, associated with chewing and eating. 
The tongue became “stiff and numb,” and difficulty 
in mastication and swallowing along with slurred 
speech appeared. These episodes were self-limited, 
lasting about ten to twenty minutes. Examination 
was not done during an attack, but interval neuro- 
logic surveys were negative. After the dose of 
Veralba was lowered to 3 mg. per day, this diffi- 
culty did not recur during a six-month follow-up. 


Case 4. This 40-year-old man was found to have 
significant blood pressure elevation during a peri- 
odic examination. He had no prior knowledge of 
hypertension. Examination showed blood pressure 
elevation to 200/120 without other significant find- 
ings. Minimal cardiac enlargement was seen on 
chest films; the electrocardiogram was normal 
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except for borderline precordial QRS voltage in- 
crease. Renal function survey was normal. Pre- 
treatment blood pressure ranged between 220/130 
to 180/100. Amobarbital sedation failed to signifi- 
cantly lower the blood pressure. 

Treatment with Veralba was begun with 0.2 mg. 
every six hours and gradually raised to a total 
daily dose of 3.2 mg. in 4 divided doses along 
with chlorothiazide. No untoward side effects oc- 
curred, and the blood pressure decreased to levels 
of about 130/85 during a six-month follow-up 
period. During a period of enforced physical train- 
ing to which the patient was unaccustomed, he 
noted “weakness and numbness” of the hands and 
feet; initially, complete inability to make a clenched 
fist was noted. This disappeared in about an hour. 
The following day, while playing basketball, he 
noted similar difficulties and was unable to hold 
onto the ball. In addition to stiffness of the fingers 
and toes, decreased cutaneous sensitivity of the 
forearms, hands, and feet was apparent. He was 
subsequently hospitalized. Examination showed a 
partial bilateral foot-drop and weakness of grasp, 
more marked on the left. The deep tendon reflexes 
were symmetrically equal but decreased. Vibration, 
pain, and touch sensations were diminished over 
all 4 extremities in a glove-and-stocking distribu- 
tion that was more marked in the lower limbs. 
There was no evidence of myotonia. The remainder 
of the neurologic examination was normal. Lab- 
oratory survey including blood electrolytes and 
cerebrospinal fluid examination was normal. Vera- 
trum therapy was discontinued, and the entire 
syndrome completely cleared within the next 
twelve hours. Further strenuous physical activity 
to an even greater degree was uneventful during 
the next two weeks. He remained fully asympto- 
matic after a two-month period of follow-up. 


DISCUSSION 

Veralba is composed of approximately equal 
parts of protoveratine A and B and is one of 
the more purified veratrum alkaloids available 
in clinical practice. However, its properties do 
not differ qualitatively from the other drugs 
in this group. These drugs have a variable 
but occasionally potent antihypertensive ac- 
tion. This hypotensive effect is related to re- 
flex bradycardia mediated by the vagus nerve 
and secondly to reflex peripheral vasodilation 
(“Bezold effect”). A third and direct effect 
of the veratrum alkaloids is on the cardiac 
muscle itself, causing increased strength of 
contraction (“positive ionotropic effect”). 
Thus, decrease of blood pressure may be ac- 
companied by an increased cardiac output.'°-"* 
These features would make it a highly desir- 
able therapeutic agent were it not for the un- 
pleasant side effects, such as epigastric dis- 


tress, salivation, sweating, nausea, and 
vomiting. Toxic effects usually occur at levels 
very close to the therapeutic dose and are 
extensions of the desirable effects of the drug 
on the efferent vagal mechanisms. Other side 
effects less frequently described include pro- 
nounced hypotension, cardiac arrhythmias, and 
blurring of vision or mental confusion.‘ 
More complex action of the drug on the cardio- 
vascular system has been extensively investi- 
gated and as yet is still incompletely under- 
stood. 

Despite the toxic manifestations of the 
veratrum alkaloids, the excellent clinical re- 
sults with this drug in a small number of 
patients has led to its early trial in patients 
with hypertensive cardiovascular disease. 
Routinely, in all significantly hypertensive 
patients under the authors’ care, Veralba was 
given in small divided doses and increased 
in stepwise fashion until an adequate anti- 
hypertensive effect was noted.’-*° Unfor- 
tunately, most patients noted nausea and vom- 
iting before any appreciable lowering of blood 
pressure occurred. This was noted in a dose 
range between 1 and 2 mg. of the purified 
alkaloid per day. Veratrum therapy was dis- 
continued if these unpleasant side effects per- 
sisted. 

The 4 patients described represent some of 
the patients in whom unusually high doses 
of Veralba were used to decrease hypertension. 
These patients did not have the usual toxic 
symptoms but showed signs of transient, oc- 
casionally repetitive episodes of direct neuro- 
muscular involvement by the drug. Reports 
of such toxicity have not been found in the 
literature, except for Hofmann’s investigation’? 
on the effect of veratrine on human skeletal 
muscle. 

The literature on the effects of veratrum on 
nerve-muscle preparations in animals were 
first described by Bezold and Hirt'® in 1867. 
The fundamental effect of veratrine on skeletal 
muscle is directly on the muscle membrane. 
The alkaloid causes a sustained partial de- 
polarization (related to increased excitability ) 
after a single stimulus, which is referred to as 
the negative after-potential. If the negative 
after-potential is increased sufficiently, repeti- 
tive muscle impulses are initiated and the 
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muscle will become tetanic after a_ single 
stimulus.''- 1? Thus, the veratrinized muscle re- 
sponds to stimuli with prolonged tetanic con- 
tracture. There are many pharmacologic agents 
such as procaine, eserine, and calcium which 
are reported to block the effect of the veratrum 
alkaloids. However, the basic biochemical and 
electrolytic changes accompanying the partial 
depolarization of the muscle membrane by this 
alkaloid are incompletely understood. Evi- 
dence of increased oxygen utilization and in- 
creased potassium leakage of veratrinized 
muscle suggests interference with a process 
of ionic exchange (Na*, K*) which is neces- 
sary for the maintenance of the membrane 
potential."""'* The effect of veratrum on the 
peripheral nerve is essentially the same as that 
on skeletal muscle except that higher concen- 
tration of the drug is required to produce the 
tetanic response. 

In view of these neurophysiologic studies, 
the toxic manifestations described in 3 of the 4 
patients (Cases 1, 2, and 3) appear to be 
related to the direct action of the drug on 
striated muscle. The patients manifested 
tetanic contraction of striated muscle (tongue, 
hands, and the like) occurring within a 
variable time after ingestion of the drug. 
Muscular activity was an aggravating or pre- 
cipitating factor. The involved muscles were 
contracted in “spasm,” usually for a period 
related to the dose of the drug and to the 
intensity of exertion performed. The effects 
were transient and reversible and disappeared 
when the drug was withheld or decreased. 
Electrolytes and other studies were within 
normal limits. Unfortunately, electromyog- 
raphy was not available during any of the 
acute episodes. 

In the fourth case, the symptoms and signs 
were not that of direct muscular involvement 
but of episodic peripheral neuropathy of acute 
onset related to exertion. It is difficult to ac- 
count for the preferential effect of the drug 
on the peripheral nerve in this case, but the 
relationship of the symptoms to veratrum ther- 
apy seems highly probable. 

The relationship of veratrum effect on 
skeletal muscle to the clinical syndrome of 
myotonia congenita of Thomsen are significant 
in terms of certain similarities in the clinical 
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picture and the similarities of the electrical 
responses of the muscle.'*-'® Myotonia con- 
genita is a heredofamilial disease manifested 
by tetanic muscle contraction and prolonged 
difficulty in relaxation of muscle. The episodes 
are usually precipitated by sudden movements 
after periods of rest and are not made worse 
by prolonged exertion. The muscle is extremely 
sensitive to mechanical stimuli, and percus- 
sion of the muscle directly produces prolonged 
contraction. Eserine potentiates the response 
while quinine and calcium tend to block it. 
Electrically, after a single stimulus, the muscle 
fiber responds with repetitive discharges for 
a prolonged period, probably related to an 
increased negative after-potential. A defect in 
muscle membrane function related to 
transport has been suggested.'*-*1 

Myotonia congenita and veratrinized muscle 
are similar in that they both have a tendency 
toward repetitive discharge after a_ single 
stimulus. Calcium tends to block this effect 
in both conditions, but other drugs affect 
myotonia and veratrinized muscle differ- 
entially. Clinical differences between myo- 
tonia and veratrum toxicity, such as the rela- 
tionship to exertion, must also be noted. 

However, the findings suggest a possibility 
of the basic pathology of myotonia congenita 
and the myotonia-like effect of the veratrum 
alkaloids may involve the same fundamental 
system related to ionic transport across skel- 
etal muscle membrane. 


ionic 


CONCLUSIONS 


Veratrum alkaloids have been used in 
unusually high dosages for control of hyper- 
tension in patients who did not manifest the 
usual toxic side effects of the drug. The cases 
of 4 patients in whom reversible neuromuscular 
changes occurred have been presented. In 3 
of these patients, a myotonic-like syndrome 
has been described. The relationship of these 
findings to previously described neurophys- 
iologic studies on veratrum alkaloids and to 
myotonia congenita is discussed. 
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Meningiomas in a mother and daughter 


Cases without evidence of neurofibromatosis 


Robert J. Joynt, M.D., and George E. Perret, M.D. 


THE FAMILIAL OCCURENCE of meningiomas 
without evidence of neurofibromatosis was first 
reported by Gaist and Piazza,' who found this 
type of tumor in a brother and sister. They 
could discover no previous similar instance, 
nor could we in a subsequent survey. 

We have encountered typical and similar 
meningiomas in a mother and daughter. While 
it is possible that, in both circumstances, the 
familial occurrence of meningiomas represents 
a simple coincidence, this report is made to 
add to the body of information relative to 
familial and hereditary aspects of neoplasia. 


CASE REPORTS 


Case 1. A 63-year-old woman was admitted to 
the University Hospital on January 29, 1951. She 
had 3 brothers and 7 sisters; 1 brother died of 
heart disease and 1 of cancer of the “internal 
organs.” A sister died in an accident. There was 
no history of a brain tumor in the family. The 
daughter, who is the subject of case 2, is not 
aware of consanguineous marriages in recent gen- 
erations. 

History and examination. The patient had sus- 
tained an occipital skull fracture in an automobile 
accident in 1941. She complained of mild but 
persistent headaches following this injury. The 
headaches had increased in severity but had not 
changed in character in the six months prior to 
admission. Two days prior to admission, she had 
a convulsion which started in the right arm and 
spread to the right side of the face and later to 
the right lower extremity. Similar seizures oc- 
curred 4 times during the following two days, and 
the patient was incontinent of urine during this 
interval. 

Her general physical examination was within 
normal limits. There was no papilledema. The 
right arm and right leg were wil Sensory exami- 
nation was normal. The right patellar reflex was 
more active than the left. Roentgenograms of the 
skull showed a downward displacement of the 
pineal body. The spinal fluid pressure was 220 
mm. of water, and the protein content was 19 
mg. per cent. Left carotid angiography demon- 
strated a depression and displacement to the right 
of the left anterior cerebral artery posterior to the 
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plane of the coronal suture. This suggested the 
presence of a parasagittal tumor. 

Operation. A left frontal craniotomy was per- 
formed. The tumor was located in the interhemi- 
spheral fissure and was attached to the falx pre- 
demainatiy on the left side. It was necessary to 
remove part of the falx and to ligate a portion of 
the superior longitudinal sinus just anterior to the 

rerolandic gyrus. The tumor, which appeared to 
. a meningioma, was removed in_ its entirety. 
It weighed 72 gm. 

Postoperative course. Postoperatively, the pa- 
tient was mute and could not move the right upper 
extremity. Within three months, she had recover- 
ed markedly. The right arm and leg were still 
weak, but she could perform gross movements. 
Speech was slow, but she could read and com- 
municate adequately. A report from her daughter 
in 1959 stated that the patient was doing very 
well. There were spells of jerking of the right 
arm for which she was receiving anticonvulsants. 

Pathologic findings. The microscopic sections 
of the tumor consisted of strands of elongated 
cells with plump and uniformly stained nuclei. 
The strands intertwined and occasionally ended 
in whorls. Some of the tissue strands presented 
more elongated cells and nuclei resembling fibrous 
tissue. Numerous psammoma bodies were pres- 
ent. The pathologic diagnosis was a mixed menin- 
gioma with syncytial, fibrous, and psammomatous 
elements present (Fig. 1). 

Case 2. The 36-year-old daughter of the patient 
described in case 1 was first seen at the University 
Hospital on August 5, 1958. She has 3 brothers 
and 1 sister. The sister was examined at the 
University Hospital in 1954, and a diagnosis of 
multiple sclerosis was made. The patient had had 
3 normal pregnancies and 2 miscarriages. The 
children are alive and well. 

History and findings. The patient’s chief com- 
plaint was headaches accompanied by vomiting 
for two months. No abnormalities were found 
on the general physical or neurologic examination. 
Roentgenograms of the skull were normal. The 
spinal fluid pressure was 150 mm. of water, with 
a protein content of 54 mg. per cent. The head- 
aches lessened while in the hospital, and the pa- 
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MENINGIOMAS WITHOUT NEUROFIBROMATOSIS 


Fig. 1. (Case 1) Photomicrograph of tumor 


tient was discharged and told to return in one 
month. One week after discharge, she experienced 
double vision. On her return to the hospital, mild 
bilateral sixth nerve paresis and early papilledema 
were evident. Ventriculography and right carotid 
angiography demonstrated a mass lesion in the 
right frontal region. 

Operation. Right frontal craniotomy disclosed 
a well-demarcated, partly cystic tumor arising 
from the dura of the frontal pole and displacing 
the frontal lobe. The tumor was totally removed. 
It measured approximately 5 cm. in diameter and 
weighed 38 gm. Grossly, it appeared to be a 
meningioma. 

Postoperative course. The postoperative riod 
and subsequent course have been uneventful. The 
patient has been closely examined for evidence of 
neurofibromatosis. Nothing has been found to sug- 
gest this diagnosis. When seen last, she was asymp- 
tomatic and neurologic examination was normal. 

Pathologic findings. The microscopic sections 
revealed approximately the same findings as that 
of case 1. However, there was more syncytial 
tissue, and psammoma bodies, while present, were 
less numerous. The pathologic diagnosis was the 
same as that of case 1 (Fig. 2). 


DISCUSSION 


It is, of course, impossible to postulate that 
hereditary factors were responsible for the oc- 


Fig. 2. (Case 2) Photomicrograph of tumor 


currence of meningiomas in the familial cases 
reported by Gaist and Piazza' and by us. 
There are no known instances of consanguinity 
in the ancestors of our cases. The presence of 
consanguinity could lead to interesting specu- 
lations about recessive inheritance. The factor 
of head trauma cannot be dismissed in the 
evaluation of the pathogenesis of the mother’s 
tumor. We have carefully attempted to elimi- 
nate the possibility of neurofibromatosis, since 
familial and hereditary neurinomas and menin- 
giomas are not uncommon in this disorder.?-* 
Perhaps the future may bring additional re- 
ports of such cases so that a meaningful pat- 
tern of heredity may emerge. 
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Extracranial collateral 


cerebral circulation 


Julian R. Youmans, M.D., and Giuseppe Scarcella, M.D. 


THE RECENT EMPHASIS on cerebral occlusive 
vascular disease has resulted in the accumula- 
tion in the literature of a large body of infor- 
mation on the anatomy and the physiology of 
the circulation of the brain. 

Several collateral systems for the cerebral 
circulation have been shown. Most of these 
systems occur intracranially. These include (1) 
circle of Willis with the anterior and posterior 
communicating arteries;'* (2) direct, or lepto- 
meningeal, anastomoses between the anterior 
and middle and middle posterior cerebral 


Fig. 1. Anteroposterior view of right carotid 
arteriogram. Right internal carotid artery 
appears slightly smaller than left internal 
carotid artery. 


arteries;>~* (3) opthalamic artery with a retro- 
grade flow of blood from the external to the 
internal carotid arteries;?"-® and (4) even the 
small vessels of the cerebral cortex.!° In addi- 
tion, a carotid-basilar artery anastomosis may 
occur as a congenital anomaly and serve as an 
intracranial collateral system if needed."! 

The most frequent type of extracranial col- 
lateral system is seen with thrombosis or liga- 
tion of the common carotid artery. In this con- 
dition, the external carotid artery develops a 
reverse flow of blood into the proximal com- 
mon carotid artery with filling from the facial 
and scalp arteries which connect to the ex- 
ternal carotid artery on the opposing side. 
Other types of extracranial collateral systems 
are noted much less frequently and have re- 
ceived scant attention. The only examples re- 
ported are the 2 cases observed by Richter.'? 
Both of them had a thrombosis of the internal 
carotid artery and a well-established anasto- 
mosis between the external carotid and the 
vertebral artery by way of the occipital artery. 

We have seen an example of still another 
type of collateral circulation in which the 
blood flows from the vertebral artery to the 
carotid system. 


CASE REPORT 


A 41-year-old white male was admitted to the 
Veterans Hospital in Jackson, Mississippi, on No- 
vember 19, 1959, with a ten-year history of at- 
tacks of dizziness and a feeling of impending 
collapse. The attacks occurred one to four months 
apart and lasted ten seconds to a “few” minutes. 
During the year prior to admission, he had 9 
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EXTRACRANIAL COLLATERAL CEREBRAL CIRCULATION 


Fig. 2. Lateral view of left vertebral arterio- 
gram with the dye flowing to the carotid 
system through a system of collateral vessels 
in the upper cervical area. Very good filling 
of intracranial portion of vertebral and ca- 
rotid vessels is seen. 


grand mal convulsions lasting five to ten minutes 
each. 

The general physical examination was normal, 
except that he appeared much older than his 
stated age of 41 years. 

The neurologic examination was normal. The 
right carotid artery pulse was very strong. Left 
carotid artery pulse was not — With oc- 
clusion of the right carotid artery for sixty seconds, 
the patient noted the immediate onset of an “odd 
sensation” inside his head, dizziness, and a “strange 
sensation” over his entire body. Objectively, it 
was noted that he had a flushing of his face and 
appeared to be in mild distress. There were no 
movements or abnormal posturing of the extremi- 
ties. The pulse did not change. Pressure was ap- 
plied over the area of the left carotid artery for 
2 periods of sixty seconds, each without subjective 
or objective changes being noted. 

Skull roentgenograms were normal. Blood ser- 
ology, lumbar puncture pressure, and cerebrospinal 
fluid studies were normal. Electroencephalographic 
studies were within normal limits. 

A percutaneous carotid arteriogram was accom- 
plished on the right side. The internal carotid 
artery and its branches were visualized: however, 
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the vessels appeared to be unusually small ( Fig. 
1). Reposted to cannulate the left com- 
mon carotid artery were unsuccessful. Serial films 
taken during the injection of the left vertebral 
artery revealed that the dye had filled the entire 
vertebral system and the left carotid system ( Figs. 
2 and 3). The dye was seen to flow from the 
vertebral artery to the carotid artery by way of a 
collateral system which appeared to be an en- 
largement of the vertebral muscle branches con- 
—e to the occipital branch of the external 
carotid artery. The common and internal carotid 
arteries filled from the external carotid artery. 
Repeated injections of dye with good contrast re- 
vealed a constant occlusive lesion in the proximal 
portions of the left common carotid artery (Fig. 4). 


DISCUSSION 


The large size of the vessels constituting the 
collateral system in this case would indicate 
that it makes a significant contribution to the 
total cerebral blood flow. In comparing the 
right and left angiograms, it is apparent that 


Fig. 3. Anteroposterior view of left vertebral 
arteriogram. Again, vertebral and left carotid 
arteries are filled. Also, the dye is seen in 
anterior and middle cerebral arteries (arrows) 
of opposite (right) side. This finding fits 
well with the observation of the somewhat 
smaller size of the right internal carotid 
artery as seen in Fig. 1. 
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Fig. 4. Lateral view of late phase of left 
vertebral arteriogram. Needle is seen in 
vertebral artery at level of C5 vertebrae 
(arrow). Vertebral and carotid vessels are 
well visualized. Some dye is seen in collater- 
al system of vessels formed by muscle 
branches of vertebral artery anastomosing 
with occipital branch of external carotid 
artery. Occlusive lesion of common carotid 
artery is seen at level of C5 vertebrae 
( arrow ). 


the right carotid artery is smaller than the left. 
In addition, the anteroposterior projection taken 
during the injection of the left vertebral artery 
reveals gross filling of the right anterior and 
middle cerebral arteries (Figs. 3 and 4). 
The development of this anomalous extra- 
cranial circulatory path may occur in 2 ways 
according to the age of the patient at the time 
of the occlusion of the proximal portion of the 
common carotid artery. Paget! has shown 
numerous anastomotic connections between 
the vertebral and carotid arteries in the 4 mm. 
stage of the embryo. These connections have 
a marked decrease by the 14 mm. stage in 
normal development. If the common carotid 


occlusion were developmental, these vertebro- 
carotid connections could persist instead of 
undergoing the usual course of disappearance 
as the embryo develops. 

When the occlusion of the proximal carotid 
artery occurs after the development of the 
embryo is complete, a vertebrocarotid collat- 
eral circulation may develop by enlargement 
of the normally occurring anastomosis of the 
muscular branches of the vertebral artery with 
the occipital branch of the external carotid 
artery.'* This latter mechanism would appear 
to explain the present case very well, with the 
blood flowing from the vertebral to the carotid 
artery by the muscular branches connecting to 
the occipital artery and not by a direct verte- 
brocarotid vessel. 

The onset of svmptoms suggesting cerebral 
ischemia after pressure over the right carotid 
artery would indicate that his total cerebral 
blood flow was barely adequate. The loss of 
even the small amount of blood carried 
through the right common carotid artery was 
critical for him. The absence of symptoms with 
compression of the left carotid artery may be 
explained by the fact that the point of pressure 
was below the bifurcation of the left common 
carotid artery and the extracranial collateral 
system was not occluded. 

The left carotid artery could not be can- 
nulated directly, and the anomaly previously 
noted was not seen until the vertebral artery 
was studied. This is another example of the 
repeated observation by ourselves and others 
that both the carotid and vertebral artery sys- 
tems must be visualized before an investigation 
of a problem of cerebral ischemia or hemor- 
rhage can be said to be complete.'*-!® 


SUMMARY 


A brief review of the literature on the in- 
tracranial and extracranial collateral circula- 
tions is presented. The intracranial collateral 
systems are seen frequently in occlusive vascu- 
lar disease. The extracranial collateral circula- 
tions are seen much less frequently. A case is 
reported of an occlusion of the common carot- 
id artery and a large extracranial anastomosis 
from the vertebral to the carotid artery svstem 
on the left side. 


¥ 
F 
> 
4 


“1 


. Tapas, J. N.: 


. VAERNET, K.: 


EXTRACRANIAL COLLATERAL CEREBRAL CIRCULATION 


external carotid artery and internal carotid artery 
through opthalamic artery in cases of internal carotid 
artery thrombosis; report of 5 cases. Radiology 65: 
755, 1955. 
Thromboses de la carotide interne et 
anastomoses entra réseaux carotidien interne et ca- 
rotidien externe. Presse méd. 63:324, 1955. 

Collateral opthalamic artery circula- 
tion in thrombotic carotid occlusion. Neurology 4: 
605, 1954. 


16. 


. Ricuter, H. R.: 


. Papcet, D. H.: 


. Gray, H.: 


169 


Marx, F.: An arteriographic demonstration of col- 


laterals between internal and external carotid arteries. 
Acta radiol. 31:155, 1949. 


. Bossi, R., and Pisani, C.: Collateral cerebral circu- 


lation through opthalamic artery and its efficiency in 


internal carotid occlusion. Brit. J. Radiol. 28:462, 
1955. 
Denny-Brown, D., and Meyer, J. S.: The cerebral 


collateral circulation. II. Production of cerebral in- 
farction by ischemic anoxia and its reversibility in 
early stages. Neurology 7:567, 1957. 

Keres, J., and Kernonon, J. W.: Persistent carotid- 
basilar anastomosis. J. Neuropath. & Exper. Neurol. 
17:631, 1958. 

Collaterals between external carotid 
artery and vertebral artery in cases of thrombosis of 
internal carotid artery. Acta radiol. 40:108, 1953. 
Development of cranial arteries in 
Contrib. Embryol. (nos. 207-212) 


REFERENCES 

. Witurs, T.: Two discourses concerning the soul of 8. 
Brutes, in his practice of physick, being the whole 
works of that renowned and famous physician, con- 
taining these 11 several treatises, London, T. Dring, 9 
C. Harper, and J. Leigh, 1684, p. 154. 

. Mount, L. A., and Taveras, J. M.: Arteriographic 
demonstration of the collateral circulation of the cere- 
bral hemispheres. Arch. Neurol. & Psychiat. 78:235, 10. 
1957. 

. VANDER ErEcken, H. M., and Apams, R. D.: Anatomy 
and functional significance of meningeal arterial anas- 
tomoses of human brain. J. Neuropath. & Exper. ll. 
Neurol. 12:132, 1953. 

. Rosecay, H., and Wexicn, W. K.: Peripheral collateral 
circulation between cerebral arteries; demonstration by 12 
angiography of meningeal arterial anastomoses. J. 
Neurosurg. 11:363, 1954. 

. Lix, P. M., and Scorr, M.: Collateral circulation of 13 


human embryo. 
32:205, 1948. 
Anatomy of the Human Body, edited by 
C. M. Goss, 26th ed. Philadelphia, Lea and Febiger, 
1954, pp. 1480. 


. Hutcuison, E. C., and Yates, P. O.: Cervical por- 


tion of vertebral artery; 
Brain 79:319, 1956. 
Dimspate, H., and Locue, V.: Ruptured posterior 
fossa aneurysms and their surgical treatment. J. 
Neurol., Neurosurg. & Psychiat. 22:202, 1959. 


clinico-pathological study. 


A seminar on the Nervous System in Childhood will be 
offered to specialists in Neurology or Pediatrics May 
through May 26, 1961, at Columbia University College 


Physicians and Surgeons. The fee is $100. The course will 
be presented by Professor $. Carter and staff. For further 
information, write to: Melvin D. Yahr, M.D., Assistant Dean, 
Columbia University College of Physicians and Surgeons, 
630 West 168th Street, New York 32, New York. 
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Postherpetic neuralgia 


A method of effective treatment 


Aaron M. Lefkovits, M.D. 


In January 1956, 2 patients who had severe 
pain after herpes zoster were completely re- 
lieved of their constant suffering by the local 
infiltration of the painful areas with hydrocor- 
tisone acetate. This experience was reported 
locally in September 1956.' Subsequently, 5 
additional patients with postherpetic neuralgia 
were treated similarly with gratifying outcome. 
This article describes the results in these 7 pa- 
tients by this method of therapy. The pertinent 
clinical data are summarized in the table. 

On examination, the significant findings con- 
sisted of confluent areas of pigmentation over 
the skin previously involved by the lesions of 
herpes zoster. On palpation and pressure of 
this region, one or more localized areas of 
increased tenderness were found. Treatment 
consisted of needling the zones of increased 
tenderness and infiltrating them with 20 to 40 
mg. of hydrocortisone acetate or Hydeltra- 
T.B.A. on 2 occasions in 4 patients, on 3 oc- 
casions in 2 patients, and once in 1 patient. 
The interval between needling and infiltration 
varied from two to twenty-three days. 


RESULTS 


Symptoms were completely relieved in 3 
patients. Another 3 stated that the severe 
pains completely disappeared but that they 
continued to have slight residual soreness or 
burning; however, this was so mild that their 
general well-being was not affected and they 
needed no further treatment. One patient stated 
that, although the severity of his complaints 
decreased in intensity, the pain caused by the 
procedure was worse than his original dis- 
comfort and declined further needling. Subse- 
quently, the administration of N-[2-(benzyl- 
carbamyl) ethylamino]-isonicotinamide (Nia- 
mid) in doses of 25 mg. orally three times a 
day relieved his symptoms. 
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COMMENT 

It is well known that the management of 
patients with postherpetic neuralgia not infre- 
quently taxes the resources of both patient and 
physician and may resist all their efforts. The 
severity of pain in individual patients may 
vary considerably. It may consist only of a 
constant soreness of mild or moderate degree 
of severity or may be very severe, agonizing, 
intractable, and totally incapacitating. The 
pain is often described as burning, itching, 
stinging, throbbing, catching, pulling, or “like 
sticking a knife and turning it around” and 
may be accompanied by episodes of very 
severe shooting, lancinating, and jerking darts 
of pain. These complaints may persist for 
months or even years and are usually worse 
at night, precluding sleep. 

Fortunately, severe postherpetic neuralgia is 
rare. On a large hospital medical service, only 
7 patients were observed in four years. It 
occurs almost invariably in older individuals 
only, with no definite predilection for either 
sex. All patients reported on in this article were 
observed in a Veterans Administration hos- 
pital, where the majority of patients are males. 

The pathogenesis of postherpetic neuralgia 
is not definitely known. It is now generally 
held that herpes zoster is caused by a specific 
filtrable virus, similar or perhaps identical with 
that causing chickenpox, which induces an 
inflammatory reaction of varying degrees of 
severity in the peripheral nerves and _ their 
posterior root ganglia; the inflammatory 
changes may extend into the spinal cord and 
into various parts of the brain. After the stage 
of acute inflammatory reaction, the process 
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CLINICAL DATA ON PATIENTS WITH POSTHERPETIC NEURALGIA 
Amount Interval 
Interval between of hydro- between 
onset of herpes Location, character, Number of cortisone injections 
Patient Age zoster and therapy and description of pain injections (mg.) (days) Results 
1 49 8 weeks Left chest wall: Severe, sharp, grabbing. 3 25 3 Marked 
constant, “‘couldn’t sleep—jerk you pretty 30 6 relief 
hard when they catch you” 20 
2 61 5 weeks Left chest wall: Sharp, severe, persist- 2 37.5 3 Complete 
ent pain 25 relief 
3 61 5 months Right chest wall: Burning, itching 2 12.5 5 Complete 
12.5 relief 
4 64 2 years Right chest wall: Constant soreness and 2 30 23 Marked 
intermittent sharp pains 20 relief 
5 64 2% months Right chest wall: Constant soreness and 3 40 7 Complete 
intermittent sharp pains “like sticking a 30 16 relief 
knife and turning it around,” pulling 24 
pain chiefly at night, couldn’t sleep 
6 66 7 weeks Left buttock: Stinging, itching, burning, 2 40 2 Marked 
shooting pains. “Sore as a boil” 25 relief 
7 71 4 to 5 years Left chest wall: Severe, sharp pains, 1 15 Partial 
chiefly at night. Kept awake relief 


in some elderly individuals apparently does 
not subside but continues and induces wide- 
spread chronic inflammatory changes of vary- 
ing degrees of severity in many parts of the 
central nervous system. Evidences of such a 
reaction have been described by Denny-Brown, 
Adams, and Fitzgerald? and other authors.* 
Approximately 50% of patients with herpes 
zoster have a moderate increase of cells and 
protein in the spinal fluid.t The influence of 
arteriosclerosis with the attendant hypoxia and 
lowering of the threshold of pain as added 
factors were invoked by Sugar and Bucy,* 
presumably accounting for the occurrence of 
postherpetic neuralgia, for the most part, only 
in elderly individuals in whom the incidence 
of arteriosclerosis is high. 

Various forms of therapeutic measures* have 
been employed in the management of this 
painful affliction, including intradermal admin- 
istration of procaine or saline, parenteral tetra- 
ethylammonium chloride® and ACTH,’ alcohol 
nerve blocks, alcohol injection into involved 
ganglia, the administration of various vitamins 
both orally and parenterally, x-ray irradiation 
of involved ganglia, paravertebral sympathetic 
block, excision of sections of skin of involved 
dermatomes, and even posterior rhizotomy, 
chordotomy, lobotomy, and electric shock 
therapy. 

Many of these therapeutic measures and 


surgical procedures and the possible mechan- 
isms involved in the perpetuation of pain are 
discussed by Sugar and ” acy.® The relief of 
painful syndromes by needling and infiltration 
of tender zones with such agents as procaine 
solutions, saline, or cortical steroids is presum- 
ably due to the interruption of transmission 
of afferent painful stimuli and the consequent 
breaking of the pathway of pain transmission. 

Although the herein-described method of 
therapy is based on an experience obtained in 
a small group of patients, it is believed that 
the gratifying results achieved warrant the 
publication of this experience so that this form 
of treatment may be employed in other in- 
stances of persistent postherpetic pain. The 
procedure is simple and inexpensive, can be 
performed in the office, and requires only the 
usual precautions of asepsis. 
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Temporal or occipital lobe hallucinations 


triggered from frontal lobe lesions 


Richard C. Schneider, M.D., Elizabeth C. Crosby, Ph.D., Sc.D., 
Basu K. Bagchi, Ph.D., and Hazel D. Calhoun, M.S. 


Diacnosis of a temporal lobe lesion is usually 
made when the patient has a single or several 
of the following symptoms: auditory, olfactory, 
or visual hallucinations, experiential illusions, 
macropsia, micropsia, déjd vu phenomena, or 
automatic movements. The question at once 
arises as to whether this group of symptoms 
occurs only with temporal lobe involvement or 
whether it may be obtained from lesions in 
any other portion of the cerebral hemisphere 
and, if so, what the relationship of this second 
area may be to the temporal lobe. 

The patients whose case histories are re- 
ported below, although exhibiting the symp- 
toms usually regarded as diagnostic of a tem- 
poral lobe syndrome, were found at opera- 
tion to have frontal lobe involvements. 

CASE REPORTS 

Case 1. D.S., a 30-year-old right-handed house- 
wife, was admitted to University Hospital on June 
15, 1959, because of headache. Five weeks before 
admission, the patient struck her left mastoid re- 
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Fig. 1. (Case 1) Preoperative electroenceph- 
alogram shows delta waves in the bifrontal, 
left anterior, and, to a lesser degree, left mid- 
temporal regions, suggesting a focal left 


frontotemporal expanding intracranial lesion. 
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gion on some furniture but was not rendered un- 
conscious. A week later, she began to have fre- 
quent, severe, bifrontal and occipital headaches, 
which lasted three to fifteen minutes. She had no 
associated loss of consciousness but did have almost 
daily nausea, vomiting, and stiff neck. For three 
weeks before admission, the patient had noted 
formed visual hallucinations in the right homony- 
mous field, which consisted of headless persons with 
bizarrely shaped arms attached to their necks. She 
also saw colored butterflies, circles, and bars. In 
addition, she had auditory hallucinations, hearing 
whistling noises like the sound of wind. Simulta- 
neously, there were olfactory hallucinations best 
described as being similar to the odor of foul cigar 
smoke. All of these symptoms were intermittent. 
For five or six days before admission to the hos- 
pital, she had had numbness and tingling in the 
fingers of the right hand, with a swollen sensation 
in the digits. She had had no fainting spells, periods 
of unconsciousness, or true jacksonian seizures. At 
the age of 3 years, she had had an attack of men- 
ingitis which left her with a residual partial am- 
blyopia. In 1954, the patient was involved in an 
automobile accident, sustaining a fracture of the 
left humerus and an injury to the left eye which 
required its enucleation. She had a left orbital 
prosthesis, and central vision in the right eye was 
partly obscured due to chorioretinitis and high my- 
opia. Otherwise, the patient was neurologically 
negative. 

Skull and chest roentgenograms were negative, 
and lumbar puncture studies were normal. The 
electroencephalogram demonstrated an abnormal 
pattern with high voltage delta waves bilaterally 
in the prefrontal, the left anterior temporal, and, 
to a lesser degree, the left midtemporal regions, 
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Fig. 2. (Case 1) [A] Left internal carotid arteriogram shows definite displacement of left anterior 
middle cerebral artery across midline toward right side of brain. No inward or upward displace- 
ment of left middle cerebral artery is evident to suggest a temporal lobe lesion on this view. [B] 
Lateral view of left internal carotid arteriogram shows an area of some frontal lobe vascularity and, 
possibly, posterior displacement of right anterior cerebral artery. Equivocal elevation of the left 
middle cerebral vessel is seen, with a clumping together of branches indicating possibility of 


frontotemporal extension of lesion. 


suggesting a left frontotemporal focal lesion 
(Fig. 1). On the left anteroposterior view of the 
left internal carotid arteriograms, there was a def- 
inite shift of the anterior cerebral artery to the right 
(Fig. 2A). The lateral view indicated predomi- 
nantly a frontal lesion, with the question of ex- 
tension into the temporal lobe (Fig. 2B). The ven- 
triculogram showed a shift of the ventricular system 
toward the right side, with a mass inferior to the 
lateral ventricles. Fortunately, the posteroanterior 
view demonstrated good filling of the left temporal 
horn without apparent displacement. The right 
temporal horn showed only partial filling on this 
view, and the brow-up film exhibited a posterior 
displacement of the left frontal horn, suggesting a 
left frontal space-occupying lesion (Fig. 3). 

On June 23, 1959, a left frontotemporal osteo- 
plastic craniotomy was performed under local 2% 
Xylocaine anesthesia, supplemented by intravenous 
Demerol, Compazine, and Surital. The dura was 
opened, exposing the left frontal and temporal 
lobes; the brain was not under increased pressure. 
Electrocorticography was carried out. No spikes 
were found; slow waves were noted. The primary 
motor strip was identified by bipolar electrical stim- 
ulation. It had been hoped that the patient’s visual, 
auditory, and olfactory hallucinations could be re- 
produced by stimulating the left temporal lobe, but 
this could not be accomplished in spite of varying 
the parameters. Unfortunately, the left frontal lobe 
was not stimulated because the patient became 


somewhat uncooperative. Subcortical electrodes 
were inserted in the superior temporal gyrus, su- 
perior frontal gyrus, and anterior midfrontal 
gyrus. Recording from the midfrontal gyrus 


Fig. 3. (Case 1) Brow-up film illustrates pos- 
terior displacement of frontal horn of left 
lateral ventricle. There is no apparent dis- 
placement of left temporal horn. ( Retouched ) 
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Fig. 4. (Case 1) Specimen consists of thickly 
encapsulated brain abscess about 2.5 cm. in 
diameter which has been sectioned medially 
in a plane parallel to the ruler, permitting 
escape of a thick exudate of green pus. Arrow 
indicates posterior wall of abscess which has 
been stripped from its bed in tip of left fron- 
tal lobe. 


produced no record. From the superior tem- 
poral area, there were a few slow waves. From 
the superior frontal gyrus, there were normal alpha 
waves. The midfrontal contacts at the 2-cm. level 
recorded slow waves, and the deepest electrode at 
4 cm. recorded no waves. At the latter level, a firm 


FRONTOTEMPORAL LEFT OLFACTORY NERVE 
JUNCTION 
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Fig. 5. (Case 1) Picture of operative field ex- 
hibits brain abscess bed bounded by abscess 
stalk communicating transdurally with left 
orbit frontally, left olfactory nerve medially, 
and normal brain laterally toward left fronto- 
temporal junction. Drawing at bottom shows 
location of operative field. 
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mass was encountered on palpation. The overlying 
brain was resected, revealing an area of necrotic 
brain and a heavily encapsulated mass, 2.5 cm. in 
diameter, at the tip of the left frontal pole; this 
was completely excised. After intact removal, the 
abscess was sectioned and thick green pus exuded 
under pressure (Fig. 4). Further examination at the 
base of the abscess revealed that there was a firm 
stalk projecting upward from the track that origi- 
nated in the roof of the left orbit (Fig. 5). The 
bone of the left orbital roof was involved with 
osteomyelitis, and, after curettage of a defect about 
1 cm. in diameter until solid bone was reached, the 
remaining defect was plugged with muscle and 
Gelfoam. The fistulous tract through the dura was 
excised and the dural defect covered by a peri- 
cranial graft, procuring a tight dural closure. The 
bone flap was wired into place and the scalp closed. 

Postoperatively, cultures from the abscess were 
reported as showing coagulase-positive hemolytic 
Staphylococcus aureus, which was sensitive to 
erythromycin. The patient was given antibiotic ther- 
apy and was asymptomatic when discharged from 
the hospital on July 6, 1959. Her physical and neuro- 
logic examinations were normal except for the im- 
paired ophthalmologic status which she had ex- 
hibited preoperatively. 

Four days later, the patient was readmitted to 
the hospital because of pain, toxicity, temperature 
elevation, tenderness and redness in the left fore- 
head, and left periorbital swelling. Her neurologic 
status was unchanged. Upon aspiz.tion of the swell- 
ing, purulent material was found which proved on 
culture to display coagulase-positive hemolytic 
Staphylococcus aureus. She was treated vigorously 
with penicillin, streptomycin, and erythromycin. 
Reexploration of her left osteoplastic craniotomy 
site revealed a large extradural abscess. The bone 
flap was removed, the abscess evacuated, and the 
area debrided and left open, permitting it to granu- 
late in slowly. She was discharged in good condition 
on July 29, 1959. 

Seven months later, the patient was readmitted 
for cranioplasty. She had had no olfactory, audi- 
tory, or visual hallucinations since the first operation, 
and her neurologic status was unchanged. An 
electroencephalogram seven months after operation 
disclosed an over-all improvement in the electrical 
background. The large delta waves seen in the 
bifrontal, left anterior, and midtemporal areas had 
disappeared. There were some slightly spiky waves 
in this region, which probably represented some 
degree of scarring at the operative site. A pneumo- 
encephalogram demonstrated relocation of the 
frontal horn of the left lateral ventricle to its normal 
position and excluded the presence of any expand- 
ing lesion. Acrylic cranioplasty was performed, and 
the patient was discharged in good condition. 


COMMENT 


Figure 5 demonstrates a lesion at the tip 
of the left frontal lobe. Contrast studies, elec- 


| | 
DuRA STALK FALK 
d 
—FALX 
aBscess — t 
BED / 
j \ 
| q 


trocorticograms, exploration, and a prolonged 
postoperative interval have excluded the possi- 
bility of an associated left temporal lesion. The 
patient remains free of any hallucinations ten 
months after operation. 


Case 2. U. J., a 41-year-old right-handed factory 
employee, was admitted to the hospital on March 
9, 1960, because of visual impairment due to retinal 
hemorrhages and a 3-diopter elevation of the optic 
disk bilaterally. For five months, he had complained 
intermittently of headache, nausea, and vomiting. 
A few months before admission, he had suffered 
from sinusitis with profuse nasal discharge. It was 
during this period that he began to have difficulty 
in reading due to blurring of his vision. On neuro- 
logic examination, he was found to have parosmia 
in addition to bilateral papilledema and moderate 
blunting of his affect. He identified the odor of tur- 
pentine as ether, and peppermint was described as 
similar to banana oil. 

Skull roentgenograms were normal. His visual 
fields showed bilateral massive blind spots and cen- 
tral scotomas. The electroencephalogram demon- 
strated a midfrontal lesion with left-sided emphasis. 
Bilateral internal carotid arteriograms revealed a 
midline space-occupying lesion, with greater in- 
volvement of the left frontal than of the right fron- 
tal lobe (Figs. 6 and 7A and B). 

On March 15, 1960, a transfrontal osteoplastic 
craniotomy was performed with total removal of a 
massive transfrontal meningioma confined to the 
anterior fossa. A pericranial dural graft was in- 
serted after all the involved dura and bone were 
removed. On the fourth postoperative day, the 
patient was alert and oriented but had definite vis- 
ual hallucinations consisting of “polliwogs,” “flashes 
of light like Roman candles,” and “white spots.” 
These lasted for approximately a week or ten days; 
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Fig. 6. (Case 2) Anteroposterior view of left 
internal carotid arteriogram shows marked 
shift of anterior cerebral artery to right and 
upward by space-taking lesion. 


they could not be attributed to disorientation. The 
sutures were removed from the craniotomy incision 
on the eighth day, and he was discharged in good 
condition two weeks postoperatively. 

COMMENT 


In this patient, temporal or occipital lobe 
lesions, we believe, were definitely excluded 
by preoperative electroencephalograms and 
arteriograms. The operation revealed a tumor 
confined to the frontal area bilaterally, with no 
temporal lobe extension. The unformed visual 


placement of anterior cerebral artery bilaterally. No evidence of a temporal lobe lesion is seen. 
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Fig. 7. (Case 2) Right [A] and left [B] lateral views of arteriograms demonstrate posterior dis- 
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Fig. 8. (Case 3) Anteroposterior view of left 
internal carotid arteriogram exhibits anterior 
communicating aneurysm. 


Fig. 9. (Case 3) Lateral view of left lateral 
carotid arteriogram shows anterior commu- 
nicating artery aneurysm. It excludes an ex- 


panding temporal lobe lesion. 


hallucinations suggested an occipital lobe in- 
volvement. The patient has had no further 
hallucinations since his discharge from the 
hospital. 

Case 3. K.B., a 49-year-old right-handed main- 
tenance man, was admitted to the hospital on Ma 
16, 1959 because of sudden onset of severe head- 
ache, weakness, and vertigo and an attack of syn- 
cope. During this period, he fell to the ground. He 
was confused but had no period of unconscious- 
ness. His only positive physical finding was nuchal 
rigidity, and his neurologic status was entirely nor- 
mal. Forty-eight hours after the acute episode, the 
neurologist performed a lumbar puncture and found 
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grossly xanthochromic fluid under normal cerebro- 
spinal fluid pressure. On May 19, the patient was 
transferred to the Neurosurgery Service. Bilateral 
carotid arteriograms demonstrated an aneurysm 
arising from the right anterior cerebral or anterior 
communicating artery (Figs. 8 and 9). 

Ten days later, a right frontal osteoplastic cra- 
niotomy was performed under intratracheal hypo- 
tensive anesthesia, with clipping of the anterior 
communicating artery aneurysm. Postoperatively, 
he had minimal left hemiparesis immediately which 
cleared rapidly. As he became very alert and com- 
pletely oriented, it was apparent that he was having 
intermittent formed hallucinations. The latter con- 
sisted of beautifully colored flowers, pretty feathers 
strung on a line which waved in the breeze, “bones 
and joints on a line,” eating utensils, and a pine 
tree 6 stories high outside his hospital window. 
About four weeks postoperatively, hallucinations 
were still present. He visualized a “star falling into 
the garden,” and, although he felt very foolish 
about the matter, he walked across the back yard 
and examined the garden, searching it to be sure 
that the star was not a real one. These hallucina- 
tions disappeared six weeks after operation, and the 
patient made a complete recovery. 

COMMENT 


Since a surgically treated patient with a 
ruptured aneurysm had sustained contralateral 
hemiplegia due to prolonged retraction on 
the middle cerebral artery subfrontally during 
operation, the surgeon took special care to 
retract the frontal lobe of this patient only 
from the frontal approach. The tip of the 
retractor was directly over the inferior leaf 
of the uncinate fasciculus. A part of the pa- 
tient’s symptoms consisted of formed halluci- 
nations, which suggested a temporal lesion. 
However, there was no lesion in either tem- 
poral lobe nor could the symptoms be at- 
tributed to edema secondary to retraction near 
the frontotemporal junction during the opera- 
tion. 


ANATOMIC RELATIONS 


The temporal lobe is interconnected with 
the orbital part of the frontal lobe by the 
unciaate (or temporoopercular) fasciculus 
(Fig. 10). This bundle has been described 
for the human brain by various observers, 
among whom are Curran,' Dejerine,* and 
Riley. Temporoorbital interrelations have 


been studied in primates other than man by 
Bailey and associates,4> Petr, Holden, and 
Jirout,® Pribram, Lennox, and Dunsmore,’ and 
many others and, in man, by Kendrick and 
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Gibbs.* The uncinate fasciculus, which con- 
sists of fibers both afferent and efferent with 
respect to both the frontal and temporal areas, 
passes from one region to the other through 
the area of junction of the temporal pole with 
the caudal orbital field. It is split into two 
parts or leaves by the ventral part of the 
claustrum, so that one portion of the fasciculus 
is in association with the external capsule and 
the other with the extreme capsule.* The more 
ventral part of this bundle interrelates the 
hippocampal gyrus, and perhaps the amygdala, 
with the orbital gyri; the more dorsal part then 
interconnects the frontal portion of the mid- 
frontal gyrus with the temporal cortex. The 
relation of the abscess in Case 1 to the fibers 
of the uncinate fasciculus is evident. 

Near the frontal pole of the hemisphere, 
the uncinate fasciculus and the inferior fronto- 
occipital fasciculus' are greatly intermingled. 
From the frontal region, the frontooccipital 
(and occipitofrontal) bundle passes beneath 
the lenticular nucleus and the overlying exter- 
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Fig. 10. Diagram illustrates uncinate or fron- 
totemporal association bundle. It has both a 
superior and an inferior branch. (Courtesy 
of E. C. Crosby, T. Humphrey, and E. 
Lauer. To be published in forthcoming 
neuroanatomy text) 
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nal capsule and then posteriorly to the occipital 
pole (Fig. 11). It is made up of many short 
fibers which arise or terminate in course and 
a few long fascicles, particularly those relating 
the occipital eye fields to the frontal cortex. 
Certain symptoms referable to stimulation of 
the occipital cortex by impulses passing over 
the frontooccipital fasciculus are demonstrated 
in Case 2. Through this fasciculus, intercon- 
nections are made between frontal and occip- 
ital and frontal (cingulate’®) and temporal cor- 
tices over the distribution of the bundle. 

Other fascicles associated in function and 
passing through the neighborhood of the 
frontal lesions described in the preceding 
pages constitute the so-called frontoorbital 
fasciculi. These fascicles are vertically oriented 
and not very sharply demarcated, but, in gen- 
eral, they interconnect the lateral surface of 
the frontal cortex and the orbital surface. 
Therefore, a lesion on the orbital surface may 
produce fairly widespread frontal lobe signs. 

Various effects of the stimulation of the 
orbital cortex on respiration and blood pres- 
sure*! have been reported. The connections 
of the area have been studied by various 
methods such as retrograde degeneration''-'* 
and in Marchi preparations after cortical or 
thalamic The orbital cortex 
is believed to receive thalamocortical fibers 
from the region of the dorsomedial thalamic 
nucleus.'* Orbitohypothalamic connections 
have been described by Ward and Mc- 
Culloch."* 


DISCUSSION 


The classic accounts of epileptic seizures, 
including those due to temporal lobe involve- 
ment, reported by Penfield and his associ- 
ates'*-!" and the functions of the temporal 
lobe as interpreted by them from their various 
clinical cases'**° are too widely known to 
require further discussion here. 

From the preceding case histories, with sur- 
gical documentation of the sites of the lesions, 
it is evident that many of the symptoms and 
signs usually associated with temporal lobe 
epilepsy may be reproduced by various types 
of lesions located in or causing pressure on the 
orbital region of the frontal lobe. It is note- 
worthy—and to be expected—that the frontal 
lobe cases showed no quadrantanopsias such 
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Fig. 11. Diagram demonstrates region of inferior frontal gyrus, where fibers of uncinate fasciculus 
intermingle with those of inferior frontooccipital fasciculus discharging to middle temporal re- 
gions and visual centers in occipital area. (Courtesy of E. C. Crosby, T. Humphrey, and E. Lauer. 
To be published in forthcoming neuroanatomy text) 


as appear in those individuals in whom the 
temporal lobe lesions involve part or all of the 
forward-looping fascicles of the visual radi- 
ations (Meyer's loop). 

The frontal lobe lesions, situated, in the 
cases discussed, adjacent to or even among 
the fascicles of the uncinate fasciculus, set up 
impulses over this fasciculus. These impulses 
are relayed directly to various temporal lobe 
areas (uncus, hippocampal gyrus, and base of 
the temporal lobe) and probably indirectly, 
after one or more synapses in the temporal 
area, to more anterior and lateral portions of 
the inferior, middle, and superior temporal 
gyri and possibly also to the hippocamous. 
Irritation of the amygdaloid area, including 
its basolateral portion, which lies partially 
beneath the uncus, explains the olfactory aura 
and, in conjunction perhaps with the activa- 
tion of the hippocampal gyrus, the déjd vu 
phenomena seen in Case 1. The projection of 
impulses after relay in the hippocampal gyrus, 
and in some cases in the amygdala, to the 


superior and middle temporal gyri might well 
disturb the normal functioning of these areas 
as well as of other temporal pole areas so as 
to produce, as do irritating lesions in these 
regions, visual and auditory hallucinations.'* 
In essentials, the frontal lobe involvement, by 
altering the stream of impulses to the temporal 
pole, may serve, as does a lesion involving the 
temporal area directly, to set off the temporal 
lobe syndrome. However, such an irritative 
site outside of the temporal lobe will not 
affect the fibers of passage, such as the visual 
radiations, in the temporal area. 

Similarly, an irritative focus—whether due 
to a primary lesion or to postoperative edema, 
swelling, or possible infection—in the frontal 
lobe, in the region of origin of fascicles of 
such long association bundles as the inferior 
frontooccipital, may set off posterior temporo- 
parietal and/or occipital association areas. The 
effect of such discharge may be evidenced by 
the appearance of the type of visual halluci- 
nations (stars, flashes of light) usually re- 
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garded as diagnostic of occipital lobe involve- 
ments; yet again, the lesions are in the frontal 
lobe (Case 2). 


SUMMARY 


Case reports are given for 3 patients with 
frontal lobe lesions (an abscess, an olfactory 
groove meningioma, and an anterior commu- 
nicating artery aneurysm) which were charac- 
terized clinically by a symptomatology regard- 
ed as diagnostic of temporal or occipital lobe 
involvements. These cases are documented by 
electroencephalograms, arteriograms, pneumo- 
encephalograms, and operations, thus exclud- 
ing the possibility of an associated temporal or 
occipital lobe lesion. 

The anatomic relationships which aid in 
explaining the symptoms seen in these cases 
are discussed. 

The authors believe that such frontal lobe 
lesions triggering off temporal lobe and occi- 
pital lobe patterns are of more frequent 
occurrence than is usually realized. 
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Preretinal hemorrhages 


Their mechanism of production and significance 


Julio C. Ortiz de Zarate, M.D., and Leopoldo Tamaroff, M.D. 


PRERETINAL, or subhyaloid, hemorrhages are 
of particular interest because of their frequent 
association with subarachnoid bleeding. Owing 
to this association, they are considered an im- 
portant sign of ruptured intracranial aneurysm. 
Martino and Outes! reported a case of unusual 
interest. Preretinal hemorrhage appeared in a 
woman with intense headaches; there were no 
meningeal signs or blood in the cerebrospinal 
fluid. The carotid angiogram showed a saccular 
aneurysm of the anterior communicating ar- 
tery, which was later surgically verified. The 
authors suggest that the aneurysm caused the 
preretinal hemorrhage by the pressure it ex- 
erted over the ophthalmic vein. 

In the following case, we believe that the 
preretinal hemorrhage was caused by a rup- 
tured aneurysm through a hemorrhage into the 
subdural space of the optic sheath. 


CASE HISTORY 


A man, aged 64, suddenly experienced a 
confused state with associated headache, me- 
ningeal symptoms, and several retinal hem- 
orrhages. Some of the latter were punctiform 


Fig. 1. Globe and optic nerve after removal 
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and some droplike near the optic disk, with 
the characteristic sedimentation line of sub- 
hyaloid hemorrhages. A left carotid angiogram 
showed an aneurysm of the anterior communi- 
cating artery. The status of the patient first 
improved steadily, but, later, he suddenly 
lapsed into coma and died. 

At necropsy, fresh blood was found in the 
subarachnoid space surrounding the brain and 
the presence of an aneurysm was verified. 

Both eyes, with the optic nerves, were re- 
moved after ligation of the nerves at the optic 
foramina. Each optic nerve was pear-shaped 
due to the presence of accumulated blood in 
the anterior end (Fig. 1). The chiasmatic end 
of both nerves seemed blood-free. 

After fixation in formalin, one optic nerve 
was cut serially in transverse sections and the 
other nerve and both eyes were sectioned 
longitudinally. 

Microscopically, the preretinal hemorrhages 
were verified with their typical shape and situ- 
ation (Fig. 2), some above and some beneath 
the membrana limitans interna. Several hemor- 
rhages were also found in the other layers of 
the retina. In both optic nerves, the blood was 
only in the subdural space, a very thin layer 
in the posterior end and a great amount in the 
bulbar end (Fig. 3). Nowhere was blood 
found in the subarachnoid space. 


DISCUSSION 


The accumulation of blood in the anterior 
end of the optic nerves suggests that it was 
suddenly forced into that area. This is com- 
patible with the fact that preretinal hemor- 
rhages usually appear suddenly. The blood is 
forced into the optic nerve at the optic fora- 
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men and proceeds forward until it meets the 
first obstacle, the lamina cribrosa; some drop- 
lets pass forward through the foramina of that 
lamina and are detained by the second ob- 
stacle, the membrana limitans interna of the 
retina, the rupture of which transforms the 
superficial retinal hemorrhage into a subhya- 
loid one. The course of blood through the sub- 
dural space of the optic nerve as the mecha- 
nism of these hemorrhages has not been as yet 
proposed. Greear,” in a very clear and explicit 
illustration, shows a transverse section of an 
optic nerve. Blood can be seen exclusively in 
the subdural space, but Greear assumes that 
the subarachnoid blood was lost during the 
procedure of necropsy or microscopic technic. 
In our case, the picture is identical, although 
the nerve was ligated before being cut for re- 
moval. 

Cases like the above-mentioned but without 
subarachnoid bleeding (that is, apparently 
without rupture of the aneurysm) can be ex- 
plained by pure subdural bleeding. It has been 
suggested* that an aneurysm can rupture only 
and directly in the subdural space; thus, when 
blood is found in both the subarachnoid and 
subdural spaces, the arachnoid membrane must 
have some tear similar to those responsible for 
the appearance of subdural air in the pneumo- 
encephalogram. The entrance of blood into the 
subdural space of the optic nerve is much more 
probable when the aneurysm is located in the 
nearby anterior portion of the circle of Willis, 
and the tearing of the arachnoid membrane 
may be caused by the aneurysm itself, by ad- 
hesions from previous bleeding, or by the 
actual rupture of the aneurysm. 


SUMMARY 


A case is presented which suggests that 
preretinal hemorrhages are caused by bleeding 
into the subdural space of the optic sheath. 
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Fig. 2. Preretinal hemorrhage. Hematoxylin- 
eosin. x 60 


Fig. 3. Subdural hemorrhage in optic sheaths 
[I] Subarachnoid space; [II] arachnoid mem- 
brane; [III] subdural space; [IV] dura. 
Hematoxylin-eosin. x 80 
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Denervation of extraocular and skeletal 


muscles in a case of pernicious anemia 


Ingrid Gamstorp, M.D., and Carl Kupfer, M.D. 


ALTHOUGH A VARIETY of neurologic findings 
have been described in pernicious anemia, ex- 
traocular muscle palsy has been noted only 
once in the literature. Guillain, Lereboullet, 
and Auzepy’ reported the case of a woman in 
whom severe external ophthalmoplegia, weak- 
ness of the jaw muscles, and optic atrophy 
developed at the age of 64. Two years later, 
she was found to have achlorhydria and the 
blood and bone marrow changes characteristic 
of pernicious anemia. In the following case, 
there was bilateral limitation of upward gaze 
due to denervation of the involved muscles as 
demonstrated by electromyography. Electro- 
myographic evidence of denervation in the 
skeletal muscles was also noted. 


CASE REPORT 
A 72-year-old white female had had multiple 
complaints for fitteen years, including difficulty in 


reading and in keeping her eyes open. These 
— were associated with mild depression, 


mild hypertensive cardiovascular disease, and a 
small hiatus hernia. In March 1958, she com- 
intermittent double vision, and her 


lained of 
ad physician noted weakness of the left lateral 
rectus muscle. In August 1959, she complained 
of headache, heaviness of the lids, burning tongue, 
and “pins and needles” in her fingers and toes. At 
that time, no evidence of ptosis, extraocular mus- 
cle palsy, or any neurologic defect was found. A 
smooth tongue was noted. She took an oral multi- 
vitamin preparation containing vitamin By but 
not folic acid. In February 1960, she complained 
of weakness, unsteadiness, and numbness of her 
legs. Loss of vibratory sense below the knees 
was found, and the patient was admitted to the 
neuromedical service. 

On admission, the significant physical findings 
were confined to the ophthalmologic and neuro- 
logic examinations. Visual acuity was 20/20. The 
optic nerves and retinas appeared normal. Up- 
ward gaze was limited to about 20 degrees and 
there was questionable limitation of abduction. 
The eye movements could not be improved by 
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“doll’s head maneuver.” Although there was arm 
appearance of ptosis, the patient was able to 
elevate the lids adequately. She noted intermittent 
diplopia on extreme lateral gaze to either side. 
Neurologically, there was adequate strength in all 
extremities as well as normal deep tendon reflexes 
and normal plantar responses. Vibratory sense 
was diminished below the hips and lost below the 
knees. Position sense was impaired in the toes. 
Diminution of sensation to touch and pinprick was. 
noted only over the distribution of both lateral 
femoral cutaneous nerves. 

The significant laboratory findings included a 
mild normochromic, macrocytic anemia; histamine- 
refractory achlorhydria; serum B. levels of 20 weg. 
—normal levels are 200 to 500 uug.— and a 
Schilling test which showed abnormally low ab- 
sorption of orally given Biz. Fasting blood sugar 
ual cerebrospinal fluid examination were normal. 
The Hincon serologic test for syphilis was negative. 

Electromyography of limb muscles demonstrated 
fibrillation potentials in the leg and foot muscles. 
Fasciculations were present in the gastrocnemius. 
muscle. Action potentials were reduced in num- 
ber, their duration was prolonged, and the pro- 
portion of polyphasic potentials was increased. 
For example, in the left tibialis anticus muscle, 
the mean duration—the duration of 20 different 
action potentials—-was 17 msec.; normal duration 
is 14 to 15 msec. In the hand and arm muscles. 
that were examined, no definite abnormality was 
found, although action potentials appeared slight- 
ly enlarged. Conduction velocity in the ulnar, me- 
dian, and peroneal nerves was normal. 

Electromyography of the extraocular muscles 
demonstrated a normal record from the right 
superior oblique muscle and a probably normal 
record from the lateral rectus muscle. In the 
latter muscle, although the action potentials were 
of normal duration, they were slightly reduced in 
number. The right superior rectus muscle, how- 
ever, showed not only a reduced number of action 
potentials but also a prolongation of their mean 
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duration to about double the normal value (see 
figure). Tensilon had no influence on either the 
clinical picture or the electromyographic findings, 
thus ocular myasthenia. 


DISCUSSION 


In skeletal muscles, the electromyogram 
(EMG) demonstrated a mild denervation of 
the leg and foot muscles. The normal conduc- 
tion velocity of ulnar, median, and peroneal 
nerves indicated that peripheral neuropathy 
was an unlikely basis for the denervation. The 
finding of fasciculations and prolonged dura- 
tion of action potentials in spite of adequate 
muscular strength also suggested a more proxi- 
mal lesion,* that is, in the ventral roots or an- 
terior horn cells. The impaired sensation in the 
distribution of the lateral femoral cutaneous 
nerves was interpreted as an unrelated meral- 
gia paresthetica. 

In the extraocular muscles, fibrillations are 
difficult to identify, and the EMG of the mus- 
cle must be interpreted from the duration, 
amplitude, and number of action potentials. 
The amplitude and number of action poten- 
tials vary with the position of the electrode 
and the effort made by the patient. Although 
a reduced number of action potentials with 
normal duration may occur in early denerva- 
tion, it is also seen in normal muscle during 
submaximal contraction. In contrast, the mean 
duration is less influenced by the position of 
the electrode and by the patient’s cooperation. 
In this patient, submaximal contraction seemed 
to be the most likely explanation of the find- 
ings in the lateral rectus muscle, since it was 
felt that she never made a maximal effort to 
abduct her eyes. A prolonged mean duration, 
as noted in the superior rectus muscle in the 
present case, is characteristic of denervation.* 

Loss of vibratory and position sense com- 
bined with spastic paraparesis and, not infre- 
quently, mental symptoms are characteristic 
neurologic complications of pernicious ane- 
mia.*:!°.12, Degeneration of the posterior and 
lateral columns of the spinal cord and, less 
often, of the white matter of the brain repre- 
sent the corresponding pathologic findings.':5-1° 
A common early symptom is paresthesia of feet 
and hands, attributed by most examiners to 
involvement of the peripheral nerves.?-*:! Al- 
though pathologic lesions of the peripheral 
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nerves have been described,*“ there is a dis- 
crepancy between the high frequency of sen- 
sory symptoms and the rare and controversial 
histologic findings.’°-'* Muscular atrophy and 
fasciculations have been described,!* indicat- 
ing involvement of lower motor neurons. In 1 
single case, destruction of anterior horn cells 
was reported.t Although the skeletal muscle 
EMG has demonstrated denervation indicated 
by the presence of fibrillations in some cases," 
to our knowledge, electromyography has not 
yet been carried out on a large series of cases 
of pernicious anemia. In addition, data on con- 
duction velocity of peripheral nerves is lacking. 
Thus, the question of peripheral neuropathy 
versus a proximal lesion remains open. In the 
present case, we consider lesions of the an- 
terior root or of the axons of anterior horn cells 
as they traverse the anterior funiculi or of the 
anterior horn cells themselves to be a more 
likely explanation than a peripheral neurop- 
athy. The EMG of the extraocular muscle is 
of no help in solving this particular problem, 
since it is not possible to differentiate between 
a nuclear and a peripheral nerve lesion. 
Paresis of extraocular muscles in pernicious 
anemia appears to be extremely rare, since 
only 1 case has been reported previously. 
However, in his description of 14 cases of 
pernicious anemia with cerebral symptoms, 
Holmes* incidentally mentions in 1 case report 
that the patient complained of transient diplo- 
pia. There was no further comment on this 
point. In our own case, the diagnosis of dener- 
vation of the extraocular muscles was not es- 
tablished until electromyography was _per- 
formed. Despite vague eye complaints for 
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about fifteen years and the diagnosis of weak- 
ness of the left lateral rectus muscle having 
been made two vears before her present admis- 
sion, her extraocular movements were subse- 
quently considered to be normal. Even on the 
present admission, the limitation of extraocular 
movements was mild enough to be missed by 
several examiners. There is, of course, a ques- 
tion of the actual relationship between the ex- 
traocular muscle palsy and the pernicious ane- 
mia in view of the paucity of such cases. It is 
entirely possible that the ocular disease was 
due to some other unrecognized disease. How- 


ever, one cannot dismiss the possibility of an 
association between the ocular disease and the 
anemia, and a further search for such cases 
may prove that they are not as rare as it 
appears from the literature. 


SUMMARY 


Extraocular muscle palsy is reported as oc- 
curring in a case of pernicious anemia. The 
palsy was due to denervation of the involved 
muscles as demonstrated by electromyography. 
In addition, the electromyographic evidence of 
denervation in skeletal muscles is discussed. 
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Full dosage information, available on request, should be consulted before initiating therapy. 
*Furst, W., M.D., FA.PA. (Attending Neuropsychiatrist, East Orange General Hospital, East Orange, N. J.): Psycho- 


pharmacological or Electrical Therapy of Severe Endog Dep 


mekers of TEDRAL GELUSIL 


PROLOID 


EFFECTS 


brand of phen gen sulfate 


TRUE ANTIDEPRESSANT 


“{Nardil] has distinct advantages... primar- 
ily because of the relative absence of side 
effects...”* 


Nardil has an excellent safety record— 
established by over 100 scientific reports, 
and confirmed by a minimal incidence of tox- 
icity in more than several hundred thousand 


patients to date. 


MORRIS PLAINS, WU. 


J. M. Soc. New Jersey 57:3 (March) 1960. 


PERITRATE MANDELAMINE 


9 i 99% 
4 
; 


IN THE SAME PATIENT... 
WITHOUT UREVERT 


“Prior to the use of urea for intracranial de- 
compression ...the patient was admitted for 
cranioplasty because of a left cranial defect. 
During the operation the brain began to ex- 
pand ... it was necessary to reduce .. . pres- 
sure by lumbar puncture. The total operating 


WITH UREVERT 


“Recently this patient was readmitted for 
cranioplasty of the right side. In this opera- 
tion urea (Urevert] was used....Cranioplasty 
was easily accomplished. No lumbar punc- 
ture was necessary. The operating time was 
fifty minutes.” 


time was two hours and twenty minutes.”' 


CRANIOPLASTY OPERATION TIME 


“ 


WAS REDUCED BY 1-1/2 HOURS! 


..- Strikingly illustrates the value ...”! 


‘Urevert 


(Lyophilized Urea and Travert®) 


The New, Superior'’ Intracranial Decompressant 


“The use of urea [Urevert] for brain decompression often simplifies and extends the limits of 
neurosurgical procedures and, in some patients, proves to be life-saving.” 


New Sound-Color Film—The new approach to the reduction 

of intracranial pressure with Urea-invert sugar (Urevert) is herein 
described and illustrated. Conditions so treated include 
glioblastoma multiforme, optic nerve glioma, frontotemporal 
meningioma, cerebellar astrocytoma and retrogasserian rhizotomy. 
Film showings may be arranged by writing to Medical Film Library, 
Travenol Laboratories, Inc., Morton Grove, IIlinois. 


» TRAVENOL LABORATORIES, inc. ¢ 


Pharmaceutical Products Division of 


BAXTER LABORATORIES, INC. 
1. Taheri, Z. E.: Urevert in Cranial Trauma and Brain Surgery, Morton Grove, Illinois 
J. Internat!. College of Surgeons 32:389 (Oct.) 1959. 
2. Javid, M.: Urea—New Use of an Old Agent, Reduction of Intracranial 
and Intraocular Pressure, The Surgical Clinics of North America, 
Philadelphia, W. B. Saunders Company, Aug. 1958, p. 907. 
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Presbyterian-St. Luke’s Three years of approved residency training 
Offers Neurology Training in neurology is offered by the now 
Program autonomous department of neurology at the 


Presbyterian-St. Luke's Hospital, 
Chicago. The program includes six to twelve months to be spent at 
the affiliated University of Illinois College of Medicine for 
basic neurologic training in neuroanatomy, neurophysiology, and 
neuropathology.... The Presbyterian-St. Luke's Hospital has an 
extensive inpatient service of approximately 900 beds and abundant 
facilities for outpatient experience in neurology. Ample 
opportunities exist for training in pneumoencephalography, 
cerebroangiography, electroencephalography, electromyography, and 
other specialized diagnostic technics. Seminars and theater 
clinics are held frequently.... All inquiries should be directed 


to the Department Chairman, Dr. Roland P. Mackay, 8 South Michigan 
Avenue, Chicago 3. 


P & S to Give Third Columbia University's College of 
Course in Neuroradiology Physicians and Surgeons will conduct its 
third annual postgraduate course in 
neuroradiology at the Columbia-Presbyterian Medical Center in New 
York City, March 27 to 31, 1961. The course, designed for 
radiologists, neurologists, and neurosurgeons, is under the 
direction of Juan M. Taveras. The registration fee is $100.... 
Applications may be procured from Dr. Melvin D. Yahr, Assistant 


Dean, College of Physicians and Surgeons, 630 West 168th Street, 
New York 32. 


Specialized Courses R. G. Bickford and E. H. Lambert of the Mayo 
Offered at Mayo Clinic Clinic announce the availability of intensive 

training courses in electroencephalography, 
electromyography, and neurophysiology for periods of a year or 
more. This training is in addition to the regular Mayo fellowships 
in neurology and neurosurgery. Applicants who wish to pursue an 
academic career will be given primary consideration. The annual 
stipends for the course range from $1,500 to $5,500.... Inquiries 
should be directed to Dr. R. G. Bickford, Mayo Clinic, Rochester, 
Minn. 


Kennedy Appoints Terry On January 15, President John F. Kennedy 
PHS Surgeon General named Luther L. Terry, 49, as Surgeon General 
of the U. S. Public Health Service, 
succeeding Leroy E. Burney. Terry was born in Alabama and 
received his medical degree from Tulane University. He now resides 
in Rockville, Md.... Previously, the new Surgeon General was 
Assistant Director of the National Heart Institute of NIH in 
Bethesda and was once a member of the faculty of Johns Hopkins 
Medical School. He has served on the medical faculties of 
Washington University, St. Louis, and the University of Texas. He 
joined the Public Health Service in the 1940's. Terry's major 


research interest at the Heart Institute was a study of enzyme 
systems. 


International Symposium on An International Symposium on 
Stereocencephalotomy Stereoencephalotomy (Stereotaxic 

Surgery) has been organized by the 
Cerebral Stereotaxic Institute of Temple University under the 
direction of Drs. E. A. Spiegel and Henry T. Wycis and will be 
presented at the Temple University Medical Center, 3401 North 
Broad Street, Philadelphia, on October 11, 1961. The morning 
session will include the presentation of many phases of stereotaxic 
surgery by well known authorities from France, Germany, and 
Sweden, as well as from the United States. During the afternoon 
session, extrapyramidal disorders will be discussed by dis- 
tinguished investigators from Brazil, Germany, Great Britain, 
Japan, Spain, Switzerland, and the United States. There will be 
an exhibit of stereotaxic apparatuses. There is no registration 
or attendance fee. Inquiries should be sent to Dr. Henry fT. Wycis, 
3401 North Broad Street, Philadelphia. 


Second International Congress Under the sponsorship of the World 
of Neurological Surgery Federation of Neurosurgical Societies, 
the Second International Congress of 
Neurological Surgery will be held in Washington, D.C., October 14 
through 20, 1961, with headquarters at the Statler Hilton Hotel. 
Saturday, October 14, will be given over to a meeting of the WFNS 
Executive Commitee with registration for the ICNS beginning on 
Sunday, October 15. The scientific program will include the 
following symposia presented by distinguished authorities on 
Monday, Tuesday, Thursday, and Friday mornings: Radioactivity and 
Heavy Radiation Particles in Neurosurgery; Space-Occupying 
Intracranial Lesions; Reevaluation of Surgery in the Treatment 
of Pain; Biology of the Nervous System; Hydrocephalus. Voluntary 
papers will be presented in afternoon sessions on the same days. 
Closed circuit television programs originating at the Johns 
Hopkins Hospital in Baltimore with reception at the Statler in 
Washington will begin on Monday afternoon and continue each morning 
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and afternoon thereafter. On Wednesday, October 18, specially 
selected films on neurosurgical subjects will be shown in the morn-~ 
ing and afternoon. Scientific exhibits will be on display during 
the entire week. The deadline for submitting voluntary papers, 
exhibits, and films is March 1, 1961. All inquiries and communi- 
cations concerning the ICNS should be sent to the Secretary-General, 
Dr. Bronson S. Ray, 525 East 68th Street, New York 21. 


Here and There On May 22 to 26, a seminar in pediatric neurology 

will be conducted by Sidney Carter and his staff 
at the Columbia-Presbyterian Medical Center. The course will be 
held from Monday through Friday, from 9 a.m. to 5 p.m. It is open 
to neurologists and pediatricians. The registration fee is $100. 
Further information may be obtained from Dr. Melvin D. Yahr, 
Assistant Dean, Columbia University College of Physicians and 
Surgeons, 630 West 168th Street, New York 32.... The deadline for 
abstracts for the Atlantic City meeting of the American EEG 
Society (June 8 to 11) is March 15, 1961. Abstracts should be 
limited to 200 words and accompanied by details on the type of 
equipment desired for presentation; 3 copies of the abstracts 
should be sent to the Program Chairman, Dr. Frank Morrell, Division 
of Neurology, Stanford Medical Center, Palo Alto, Calif.... Joseph 
M. Foley, AAN Vice-President, has left Seton Hall to head the 
neurology program at Western Reserve University in Cleveland.... 
Copies of the report (PHS 800) of the 1958 NINDB-sponsored Exchange 
Mission in Neuropharmacology to the U.S.S.R., under the 
chairmanship of Francis M. Forster, are available upon request to 
the NINDB Information Office, Bethesda 14, Md.... Seymour S. Kety 
has been appointed to head the Department of Psychiatry at Johns 
Hopkins University School of Medicine and its Hospital. He 
succeeds John C. Whitehorn, who retired June 30. Previously, Kety, 
a noted brain physiologist, held important posts in the National 
Institute of Mental Health and the National Institute of 
Neurological Diseases and Blindness at Bethesda.... Under the 
presidency of Augustus S. Rose, the AAN Board held its regular 
semiannual meeting at the Hotel Roosevelt in New York, December 9, 
1960.... After twelve years of unstinting service ‘to the AAN, Mrs. 
J. C. McKinley has resigned as Executive Secretary as of December 
31, 1960.... The scientific sessions of the 1961 annual meeting of 
the Japanese Society of Neurology will be held at Tokyo University 
in Tokyo, April 4 to 6, 1961. Communications should be mailed to 
Professor Shigeo Okinaka, University of Tokyo School of Medicine, 
Hongo, Tokyo, Japan.... A colloquium on the hippocampus, supported 
by the French National Research Council, will be held at the 
University of Montpellier, France, August 24 and 25, 1961. Those 
desiring to audit this colloquium should write to Dr. W. Theodore 
Liberson, Veterans Administration Hospital, P. 0. Box 28, Hines, 
Ill.... Robert B. Aird is chairman of a joint committee of the 
AAN-ANA and the American EEG Society on certification of 


electroencephalographers.... Herbert Jasper, of the Montreal 
Neurological Institute, was recently elected Executive Secretary- 
General of IBRO (International Brain Research Organization) and 
Heinrich Waelsch (New York) was elected Treasurer. The secretariat 
of IBRO is located in UNESCO House in Paris. 
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SPECIFY 


GRASS 


RECORDING 
PAPERS 

FOR BETTER 
COORDINATION 


AT THIS POINT 


For many years we were frustrated by the fact that improvements in recording paper and 
printing seemingly could not result by printer and instrument makers acting separately. 
Accordingly, we installed specially designed equipment to process our own EEG Paper 
rather than leave it to printers who lack the combined motive or knowledge to progress. 
Thus, we were able to apply our knowledge of the requirements of the best ink recording 
oscillographs directly to the techniques of EEG and Polygraph Paper processing. 


Subsequently, we announced improved EEG Papers at 30% lower prices and now we 
are pleased to announce still further improvements in two of our papers. We are also in- 
troducing an Economy Paper designed specifically for those whose budgets are limited and 
whose purchasing policies have indicated that their requirements are less exacting. 


PAPER PRINTING 
© Type W-37 - best available chart paper Name imprinted on request 
Curvilinear or rectilinear rulings 
25 or 30 mm EEG rulings 
Special rulings on request 
Special widths on request 
Red or green-blue time lines 


Type DW - White paper, NEW smoother surface 
Type DG - Green paper, NEW smoother surface 


000000 


© Type BW - New Economy Paper, white only 


We would be pleased to quote on all of your paper needs. Send a sample of what is desired 
and specify width and tolerance. Economical yearly purchase plan available. 


GRASS INSTRUMENT COMPANY 


101 OLD COLONY AVENUE - QUINCY, MASS. 


INSTRUMENT MAKERS TO THE MEDICAL PROFESSION SINCE 1935 
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Review of Modern 
Medicine is CLINICAL 


The special reports. symposia, and 
more than 2,000 abstracts are devel- 
oped to be immediately useful in your 
practice. 


CROSS-INDEXED 


by subject and author. It is a fingertip 
reference library of current, practical 
medical information. 


CURRENT 


Volume | contains information pub- 
lished during the first six months of 
the year. Volume 2 contains material 
published during the final six months. 
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| can 

find what | 
want In a 
minute... in 
REVIEW of 
MODERN 
MEDICINE 
1960 


COVERAGE 


is international and encompasses the 
most significant reports of medical de- 
velopments in every area of medical 


practice. 
USEFUL 


Whether you wish to look up a specific 
problem or review a field, you can find 
what you want in a minute. It is a per- 
manent record of the rapid pace of 
medical development. 


I REVIEW OF MODERN MEDICINE 12 50 
84 So. 10th St., Minneapolis 3, Minn. — 

| Money refunded 

if not satisfied. 


| 
| _} Enclosed is my check for $12.50, the special 
price for the “REVIEW.” 


| __| Bill me later at $15.00. 
NAME _ 


| ADoREss 


| city ZONE STATE 
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REVIEW COURSES IN 


BASIC and CLINICAL NEUROLOGY 


April 24, 25, 26, 1961 
Preceding the 


1961 AMERICAN ACADEMY OF NEUROLOGY MEETING 
Sheraton-Cadillac Hotel, Detroit, Michigan 


NEUROPATHOLOGY~—April 24, 1961. Dr. Erland R. Nelson. Fees: Juniors: 
$20.00; Fellows, Actives and Associates: $25.00; Non-members: $30.00. De- 
posit on slide box: $25.00 (all membership categories). 
BASIC ELECTROENCEPHALOGRAPHY~—April 24, 1961. Dr. Fernando 
Torres. Fees: Juniors: $10.00; Fellows, Actives and Associates: $15.00; Non- 
members: $20.00. 
NEUROCHEMISTRY—April 24, 1961. Dr. Maynard M. Cohen and Dr. Don- 
ald B. Tower. Fees: Juniors: $10.00; Fellows, Actives and Associates: $15.00; 
Non-members: $20.00. 
METABOLIC DISORDERS OF THE NERVOUS SYSTEM—April 24, 1961. 
Dr. Gilbert H. Glaser. Fees: Juniors: $10.00; Fellows, Actives and Associates: 
$15.00; Non-members: $20.00. 
ADVANCED CHILD NEUROLOGY-—April 25, 1961. Dr. Michael E. Blaw 
and Dr. Paul M. Ellwood, Jr. Fees: Juniors: $10.00; Fellows, Actives and 
Associates: $15.00; Non-members: $20.00. 
THE ELECTRON MICROSCOPE AND THE NERVOUS SYSTEM—April 
25, 1961. Dr. Augustus S. Rose. Fees: Juniors: $10.00; Fellows, Actives and 
Associates: $15.00; Non-members: $20.00. 
NEWER CONCEPTS OF HUMAN CEREBRAL ORGANIZATION—April 25, 
1961. Dr. John S. Meyer. Fees: Juniors: $10.00; Fellows, Actives and Asso- 
ciates: $15.00; Non-members: $20.00. 
NEURORADIOLOGY—April 25, 1961. Dr. A. L. Sahs. Fees: Juniors: $10.00; 
Fellows, Actives and Associates: $15.00; Non-members: $20.00. 
ABNORMAL STATES IN NEUROPHYSIOLOGY—April 26, 1961. Dr. James 
L. O'Leary. Fees: Juniors: $10.00; Fellows, Actives and Associates: $15.00; 
Non-members: $20.00. 
ADVANCED ELECTROENCEPHALOGRAPHY-—April 26, 1961. Dr. Frank 
Morrell. Fees: Juniors: $10.00; Fellows, Actives and Associates: $15.00; Non- 
members: $20.00. 
MEDICOLEGAL ASPECTS OF NEUROLOGY-—April 26, 1961. Dr. Royal C. 
Gray. Fees: Juniors: $10.00; Fellows, Actives and Associates: $15.00; Non- 
members: $20.00. 
In addition a special review course in Common Neurologic Diseases is offered to 
General Practitioners on Wednesday, April 26, 1961. The registration fee is ten 
dollars. Credit will be given by the American Academy of General Practice. This 
course is not available to members of the American Academy of Neurology. Dr. 
Benjamin Boshes is Course Chairman. 

ENROLLMENT FOR ALL COURSES IS LIMITED 

Priority will be determined by date of application. 

No application will be accepted after April 14, 1961. 


Applications will not be taken at the Sheraton-Cadillac Hotel in Detroit. 


Outline of each course, application and further information may be obtained from 
SPECIAL COURSES — AMERICAN ACADEMY OF NEUROLOGY 
4307 East 50th Street, Minneapolis 17, Minnesota 
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FROM: TECA CORPORATION 


Devoted to developrent of electronic instrumentation for neuromuscular studies 


New Portable Mode! B with comera in retracted position. 


18A 


A NEW PORTABLE ELECTROMYOGRAPH, incorporating all 
facilities for nerve conduction time tests and Polaroid® 
photo-recording. The new Model B has been developed to 
supplement the 1 and 2 channel console Models TE1.2-7 
and TE2-7. A matching console cabinet for the Model B 
can include an extended range magnetic tape recorder for 
operation with the EMG. The new portable, a compact one 
channel unit, will find application where the expandability, 
2 channel facility, and flexibility of the TE console series 
are not required or where mobility is a prime requirement. 


NEW NERVE CONDUCTION TIME FACILITIES in the Model B 
include unique time marker pulses superimposed electric- 
ally on the recording beam, permitting accurate direct 
measurement of conduction time, without error due to 
parallax or sweep and cathode ray tube distortions. 


The stimulator, which generates rectangular pulses with 
5 adjustable calibrated duration settings, provides high 
maximum output voltage (250V). The unique mounting 
of the intensity control on the percutaneous stimulator 
electrode handle now makes testing easier. Frequency of 
stimulus is adjustable from 1 per second to well into the 
tetanus range. An accessory conduction time indicator 
will permit direct reading of conduction time (or other 
physiological time intervals) from a digital indicato~ 
calibrated in milliseconds. 


OTHER USEFUL FEATURES include a rugged Polaroid® camera 
mount that permits the camera to be instantly swung inte 
position ready for use. 


All electronic camera synchronization is fast, foolproof 
and easy to use for EMG or conduction time recording. 
The seven inch diameter flat face cathode ray tube is pho- 
tographed thru an illuminated screen with engraved scale. 


Advanced circuitry includes regulated power supplies for 
stability and accurate calibration, at low and high power 
line voltages. Radio frequency rejection circuits and 60 
cycle filters are provided. 


OTHER NEW DEVELOPMENTS 


An elect gnetic p i delivers uniform re- 
peatable impacts to the body. The impact is synchronized 
with the sweep of the EMG so that muscle response, either 
electrical (EMG) or mechanical (motion velocity or accel- 
eration) may be displayed as a stationary pattern on the 
screen, permitting accurate time measurements to be 
made, visually and by magnetic tape or photo-recording. 


Continuous record high frequency multichannel photo-recorders 
for automatic operation in conjunction with the EMG. 
Permanent graphic records are provided with wide range 
of time scales and with integral time markers. 

Electrical integrators for muscle potentials, with both aver- 


aging (adjustable decay) and absolute integral modes of 
operation. 


h 


Special stimulators for operation synchronized with the 
EMG, supplying electrically isolated pulse pairs with 
adjustable delay between each of the two independent out- 
puts. Isolators can be supplied to users of Teca Chronaxi- 
meters to permit EMG recording of evoked potentials. 


Also for electrodiagnosis, the Teca Model CH-3 a true 
stabilized current variable pulse generator and chronazi- 
meter. Generates accurate rectangular pulses of current 
entirely independent of variations in patient or electrode 
impedance over a wide range. Incorporates many innova- 
tions for simplified accurate strength duration curve and 
chronaxie procedure. Write for Bulletin. 


80 MAIN STREET, WHITE PLAINS, NEW YORK | TECA 
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Proven 


in over five years of clinical use and 
more than 750 published clinical studies 


Effective 


for relief of anxiety and tension 


Outstandingly Safe 


e simple dosage schedule produces rapid, reliable 
tranquilization without unpredictable excitation 


e nocumulative effects, thus no need for difficult 
dosage readjustments 


e does not produce ataxia, change in appetite or libido 


e does not produce depression, Parkinson-like symptoms, 
jaundice or agranulocytosis 


e does not impair mental efficiency or normal behavior 


meprobamate (Wallace) 


Usual dosage: One or two 400 mg. tablets t.i.d. 


Supplied: 400 mg. scored tablets, 200 mg. sugar-coated 
tablets; or as MEPROTABS*— 400 mg. unmarked, coated tablets. 


i WALLACE LABORATORIES / Cranbury, N. J. 


@TRADE- MARK 


| 


FOR THE 
PARKINSON 
PATIENT 


smooth, straight-line motion... 


Stands out as a drug of choice in Parkinsonism. Ap- 
pears well suited for a great number of patients.’ ® 
Unexcelled for sustained, continuing control of 
rigidity, tremors*...restoration of normal functional 
mobility...suppression of other symptoms...with 


minimal risk of untoward effects. Trihexyphenidyl HCI Lederle 


Indicated: All types of Parkinsonism including common Parkinsonoid side effects of 1. Critchley, M.: British M. J. 2:1214 (Nov. 15) 1958. 
phenothiazine therapy. Supplied: Tablets, 2 mg. and 5 mg.; Elixir, 2 mg./5 cc. 2. Doshay, L. J.: Current M. Dig. 22:11 (Nov.) 1956. 
tsp. Dosage: 1 mg. first day, gradually increased according to response, to 6-10 3. De Jong, R. N.: J. Michigan M. Soc. 57:722 (May) 1958. 


mg. daily in 3 divided doses at mealtime. 
LEDERLE LABORATORIES, a Division of AMERICAN CYANAMID COMPANY, Pearl River, N.Y. => 
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